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l.(a) 12 jus 

(b) 750 mJ 

(c) 1.13 kQ 


(d) 3.5 Gbits 

(e) 6.5 nm 

(f) 13.56 MHz 


(g) 39 pA 

(h) 49 kQ 

(i) 11.73 pA 
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2. (a) 1 MW (e) 33 |dJ 

(b) 12.35 mm (f) 5.33 nW 

(c) 47. kW (g) 1 ns 

(d) 5.46 mA (h) 5.555 MW 


(i) 32 mm 
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3. (a) 


(400 Hp) 


^745.7 
v lh P , 


298.3 


kW 


(b) 12 ft = (12 ft) 


f 12 in 3 

^2.54 cm^ 

( lm 3 

l 1ft J 

l 1 in J 

^ 100 cm. 


= 3.658 m 


(c) 2.54 cm 

(d) (67 Btu) 


^ 1055 J ^ 
v 1 Btu , 


(e) 285.4 10' 15 s = 


25.4 mm 

70.69 kJ 

285.4 fs 
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4. (15 V)(0.1 A)= 1.5 W = 1.5 J/s. 

3 hrs running at this power level equates to a transfer of energy equal to 
(1.5 J/s)(3 hr)(60 min/ hr)(60 s/ min) = 16.2 kJ 
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5. Motor power = 175 Hp 

(a) With 100% efficient mechanical to electrical power conversion, 
(175 Hp)[l W/ (1/745.7 Hp)] = 130.5 kW 

(b) Running for 3 hours, 

Energy = (130.5xl0 3 W)(3 hr)(60 min/hr)(60 s/rnin) = 1.409 GJ 

(c) A single battery has 430 kW-hr capacity. We require 

(130.5 kW)(3 hr) = 391.5 kW-hr therefore one battery is sufficient. 
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6. The 400-mJ pulse lasts 20 ns. 

(a) To compute the peak power, we assume the pulse shape is square: 


Energy (mj) 



Then P = 400xl0' 3 /20xl0' 9 = 20 MW. 

(b) At 20 pulses per second, the average power is 
P av g = (20 pulses)(400 mJ/pulse)/(l s) = 8 W. 
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7. The 1-mJ pulse lasts 75 fs. 

(a) To compute the peak power, we assume the pulse shape is square: 


Then 


Energy (mj) 



(b) At 100 pulses per second, the average power is 
P aV g = (100 pulses)(l mJ/pulse)/(l s) = 100 mW. 


PROPRIETARY MATERIAL . © 2007 Th e McGraw-Hill Companies, Inc. Lim ited distr ibution perm itted onl y to 
teachers and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 








www.elsolucionario.net 

Engineering Circuit Analysis, 7 th Edition Chapter Two Solutions 


10 March 2006 


8. The power drawn from the battery is (not quite drawn to scale): 



t (min) 


(a) Total energy (in J) expended is 

[6(5) + 0(2) + 0.5(10)(10) + 0.5(10)(7)]60 = 6.9 kJ. 

(b) The average power in Btu/hr is 

(6900 J/24 min)(60 min/1 hr)(l Btu/1055 J) = 16.35 Btu/hr. 
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9. The total energy transferred during the first 8 hr is given by 
(10 W)(8 hr)(60 min/ hr)(60 s/ min) = 288 kJ 
The total energy transferred during the last five minutes is given by 


f 300 s 

10 

10 2 

[ 

/ + 10 

dt = - / 2 + 10/ 

Jo 

300 

600 


(a) The total energy transferred is 288 + 1.5 = 289.5 kJ 

(b) The energy transferred in the last five minutes is 1.5 kJ 
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10. Total charge q = 187 2 - 2t 4 C. 

(a) q(2 s) = 40 C. 

(b) To find the m aximum charge within 0 < t < 3 s, we need to take the first and 
second derivitives: 

dq/dt = 36 1 - 8 1’ = 0, leading to roots at 0, + 2.121 s 
d 2 qldt 2 = 36 - 24 1 2 

substituting 7 = 2.121 s into the expression for d q/dt ", we obtain a value of 
-14.9, so that this root represents a maximum. 

Thus, we find a maximum charge q = 40.5 C at t = 2.121 s. 

(c) The rate of charge accumulation at t = 8 s is 
dq/dt\t = o.8 = 36(0.8) - 8(0.8) 3 = 24.7 C/s. 

(d) See Fig. (a) and (b). 
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11. Referring to Fig. 2.6c, 


f-2 + 3A 5 ' A, t<0 
|-2 + 3c 3 ' A, t > 0 


Thus, 

(a) z'i(-0.2)= 6.155 A 

(b) i\ (0.2) = 3.466 A 


(c) To determine the instants at which i\ = 0, we must consider / < 0 and t> 0 separately: 
for t < 0, - 2 + 3e' 5 ' = 0 leads to t = -0.2 In (2/3) = +0.0811 s (impossible) 

for t > 0, -2 + 3c 3 ' = 0 leads to t = (1/3) In (2/3) = -0.135 s (impossible) 

Therefore, the current is never negative. 

(d) The total charge passed left to right in the interval -0. 8<7<0.1sis 


q(t) = j 08 h(0<* 

= j° o8 [-2 + 3e- 5 ']c* + j o ° 1 [-2 + 3e 3 ']a?t 


( 3 , h 

0 

-2t-—e~ 5 

+ (-27 + e 3 ') 

l 5 J 

V J 

- 0.8 


= 33.91 C 
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12. Referring to Fig. 2.28, 

(a) The average current over one period (10 s) is 

z'avg = [-4(2) + 2(2) + 6(2) + 0(4)]/10 = 800 mA 

(b) The total charge transferred over the interval l<r<12sis 


^total = f#) dt =-4(1)+ 2(2)+ 6(2)+ 0(4)-4(2) = 4C 


(c) See Fig. below 
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13. (a) V BA =- 2pJ 19 = 12.48 MV 

-1.602x1 O' 19 C 


(b) Ved - 


0 

-1.602x10 19 C 


0 


(c) Vdc - 


3 PJ 

1.602x1 O' 19 C 


-18.73 MV 


(d) It takes - 3 pJ to move + 1.602xl0~ 19 C from D to C. 

It takes 2 pJ to move -1.602x10 19 C from B to C, or -2 pJ to move 
+ 1.602x10 -19 C from B to C, or +2 pJ to move +1.602x10 19 C from C to B. 

Thus, it requires -3 pJ + 2 pJ = -1 pJ to m ove +1.602xl0 -19 C from D to C to 
B. 


Hence, V DB =- lpJ 1Q = -6.242 MV. 

1.602x10 19 C 
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14. 




From the diagram, we see that V 2 = -Vi 


+2.86 V. 
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15.(a) 

P abs 

(b) 

P abs 


(d) P abs 


(c) P abs 


(+3.2 V)(-2 inA) = -6.4 mW (or +6.4 mW supplied) 
(+6 V)(-20 A) = -120 W (or +120 W supplied) 

(+6 V)(2 i x ) = (+6 V)[(2)(5 A)] = +60 W 

(4 sin 10007 V)(-8 cos 1000nnA)| t = 2 ms = +12.11 W 


PROPRIETARY MATERIAL . © 2007 Th e McGraw-Hill Companies, Inc. Lim ited distr ibution pern itted onl y to 
teachers and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 


www.elsolucionario.net 

Engineering Circuit Analysis, 7 th Edition Chapter Two Solutions 


10 March 2006 


16. i = 3 te im mA and v = [6 - 600t] e mt mV 

(a) The power absorbed at t = 5 ms is 

P abs = [(6 - 600f)e- 100 ' • 3 te~ mt ] =5ms juW 

= 0.01655 pW = 16.55 nW 

(b) The energy delivered over the interval 0 < t < co is 

/>*<* = j‘3t(6 - 600t)e- m 'dt 

Making use of the relationship 

poo fl | 

x" e ax dx = —j where n is a positive integer and a > 0, 

Jo a" + 

we find the energy delivered to be 

= 18/(200) 2 - 1800/(200) 3 
= 0 
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17. (a) Pabs = (400(3e- 100r )|, = 8ms = 360 [e 


- 100 ? 


(b) P abs = fo.2^-1? = - 180 [e l00, £ 
V dt J L J 


(c) P abs =(■ 30 £idt + 20 j ( 3e 


- 100 ? 


t=Sms 


90e- mt {' 3 e~ mt 'dt' +60e 

Jo 


- 100 ? | 


L„ = 72.68 W 
-36.34 W 


= 27.63 W 

8 ms 
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18. (a) The short-circuit current is the value of the current at V = 0. 

Reading from the graph, this corresponds to approximately 3.0 A. 

(b) The open-circuit voltage is the value of the voltage at I = 0. 

Reading from the graph, this corresponds to roughly 0.4875 V, estimating the curve as 
hitting the x-axis 1 mm behind the 0.5 V mark. 

(c) We see that th e maximum current corresponds to zero voltage , and likewise, the 
maximum voltage occu rs at zero curren t. The m aximum power point, therefore, 
occurs somewhere between these two points. By trial and error, 

Pmax is roughly (375 mV)(2.5 A) = 938 mW, or just under 1 W. 
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19-(a) PL 2tom = (S v )(0.001 A) = 5 mW 
PL,— =(?V)(0A) = 0 mW 

4— =(2V)(-0.001A) = -2 mW 

(b) Energy = (5 V)(0.001 A)(2 hr)(60 min/ hr)(60 s/ min) = 36 J 

(c) 36 - (2)(0.001)(60)(60) = 21.6 J 
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20. Note that in the table below, only th e -4-A source and the -3-A source are actually 
“absorbing” power; the remaining sources are supplying power to the circuit. 


Source 

Absorbed Power 

Absorbed Power 

2 V source 

(2 V)(-2 A) 

-4 W 

8 V source 

(8 V)(-2 A) 

- 16 W 

-4 A source 

(1 0V)K-4A)1 

40 W 

10 V source 

(10VX-5A) 

-50 W 

-3 A source 

(10 V)[-(-3 A)1 

30 W 


The 5 powe r quantities sum to -4 - 16 + 40 - 50 + 30 = 0, as de manded from 

conservation of energy. 
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P 8V supplied 

= (8)(8) 

64 W 

(source of energy) 

P 32V supplied 

= (32)(8) = 

256 W 

(source of energy) 

P 16A supplied 

= (40X-16) = 

-640 W 


P 4 OV supplied 

= (40X20) = 

800 W 

(source of energy) 

P 12A supplied 

= (40)( 12) = 

-480 W 


Check: ^: 

supplied power = 64 + 256 - 640 + 800 - 480 = 0 (ok) 
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22. We are told that V x = 1 V, and from Fig. 2.33 w e see that the current flowing through 
the dependent source (and hence th rough each element of t he circuit) is 5V x = 5 A. 
We will co mpute absorbed power by using the current flowing into the po sitive 
reference terminal of the a ppropriate voltage (p assive sign conven tion), and we will 
compute supplied power by using the current flowing out of the pos itive reference 
terminal of the appropriate voltage. 

(a) The power absorbed by element “A” = (9 V)(5 A) = 45 W 

(b) The power supplied by the 1-V source = (1 V)(5 A) = 5 W, and 
the power supplied by the dependent source = (8 V)(5 A) = 40 W 

(c) The sum of the supplied power = 5 + 40 = 45 W 
The sum of the absorbed power is 45 W, so 

yes, the su m of the power supplied = the sum of the power absorbed, as we 
expect from the principle of conservation of energy. 
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23. We are asked to determine the voltage v s , which is identical to the voltage labeled vi. 

The only remaining reference to v\ is in the expression for the current flowing through 
the dependent source, 5vi. 

This current is equal to ~h- 
Thus, 

5 vi = -h = - 5 mA 
Therefore vi = -1 mV 

and so v s = v\ = -1 mV 
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24. The voltage across the dependent source = v 2 = -2z' x = -2(-0.001) = 2 mV. 
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25. The battery delivers an energy of 460.8 W-hr over a period of 8 hrs. 

(a) The power delivered to the headlight is therefore (460.8 W-hr)/(8 hr) = 57.6 W 

(b) The current through the headlight is equal to the power it absorbs from the battery 
divided by the voltage at which the power is supplied, or 

/ =(57.6 W)/(12 V) = 4.8 A 
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26. The supply voltage is 110 V, and the m aximum dissipated power is 500 W. The fuse s 
are specified in terms of current, so we need to determine the maximum current that 
can flow through the fuse. 

P=VI therefore 7 max = P m JV = (500 W)/(l 10 V) = 4.545 A 

If we choose the 5-A fuse, it will allow up to (110 V)(5 A) = 550 W of power to be 
delivered to the application (we must assume here that the fuse absorbs zero power, a 
reasonable assumption in practice). This exceeds the specified maximum power. 

If we choose the 4.5-A fuse instead, we will hav e a maximum current of 4.5 A. This 
leads to a maximum power of (110)(4.5) = 495 W delivered to the application. 

Although 495 W is less than the m aximum po wer allowed, this fuse will provid e 
adequate protection for the app lication circuitry. If a faul t occurs and the application 
circuitry attempts to draw too m uch power, 1000 W for example, the fuse will blow, 
no current will flow, and the application c ircuitry will be p rotected. However, if the 
application circuitry tries to draw its maximum rated power (500 W ), the fuse will 
also blow. In practice, m ost equipm ent will not draw its m aximum rated powe r 
continuously—although to be safe, we typically assume that it will. 
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27.(a) 


(b) 


/'max = 5/ 900 = 
/min = 5/1100 = 

p = v 2 / R so 
p m in = 25/ 1100 
//max = 25/ 900 


5.556 mA 
4.545 mA 

= 22.73 mW 
= 27.78 mW 
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28. p = i 2 R, so 

Pmin = (0.002)' (446.5) = 1.786 mW and (more relevant to our discussion) 

Pmax = (0.002) 2 (493.5) = 1.974 mW 

1.974 mW would be a correct answer, although power ratings are typically expressed 
as integers, so 2 mW might be more appropriate. 
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29. (a) P abs = i 2 R = [20e 12 '] 2 (1200) 

= [ 20 e ' L2 ] 2 ( 1200 ) 

43.54 mW 

(b) Pabs = v 2 /R = [40 cos 207] 2 / 1200 W 

[40 cos 2] 2 / 1200 W 
230.9 mW 

(c) P abs = vi = 87 15 W 

253.0 mW 


keep in mind we 
are using radians 
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30. It’s probably best to begin this problem by sketching the voltage waveform: 



(a) v max = +10 V 

(b) v avg = [(+10)(20xl0' 3 ) + (-10)(20 x10' 3 )]/(40x10‘ 3 ) = 0 

(c) Zavg ^avg IP 0 


(d) = nf = oof/so = 2 w 

K 


Pabs | aV g 


< + 10) 2 - 20 + t=l°f.20 


R 


R 


2 W 
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31. Since we are infonn ed that the same current must flow through each com ponent, we 
begin by defining a current / flowing out of the positive reference term inal of the 
voltage source. 


The power supplied by the voltage source is V s I. 
The power absorbed by resistor R\ is I 2 R\. 

The power absorbed by resistor R 2 is I 2 R 2 . 


Since we know that the total power supplied is equal to the total power absorbed, 
we may write: 

VJ = I 2 R i + I 2 R 2 


or 


By Ohm’s law, 


so that 


Solving for V Rn we find 


V s = IR i + IR 2 
Vs = I (R\ + Ri) 


1 = V*2 
V, - %(*, + «,) 


V = V _—_ 

s fa + r 2 ) 


Q.E.D. 
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32.(a) 



(b) W e see from our answer to part (a ) that this device has a reasonably linear 
characteristic (a not unreasonable degree of e xperimental error is evident in the data). 
Thus, we choose to estimate the resistance using the two extreme points: 

R eff = [(2.5-(-1.5)]/[5.23-(-3.19)] kQ = 475 Q 

Using the last two points instead, we find R c rr = 469 Q, so that we can state with some 
certainty at least that a reasonable estimate of the resistance is approximately 470 Cl. 


(c) 
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33. Top Left Circuit: 7=(5/10)mA = 0.5 mA, and 7 > i 0 k = L 2 /10 mW = 2.5 mW 

Top Right Circuit: 7 = -(5/10) mA = -0.5 mA, and Thok = L 2 /10 mW = 2.5 mW 

Bottom Left Circuit: 7= (-5/10) mA =-0.5 mA, and Thok = L 2 /10 mW = 2.5 mW 
Bottom Right Circuit: 7=-(-5/10) mA = 0.5 mA, and 7 5 iok = L 2 /10 mW = 2.5 mW 
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34. The voltage v out is given by 

vout = -10-^,(1000) 

= - v. 

Since v, = v s = 0.01 cos 10007 V, we find that 

v 0 ut = - v, = -0.01 cos 1000* V 
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35. v out = -v K = -v s = -2sin5tV 


Tout (t = 0) = 0 V 


v out (t = 0.324 s) = -2sin (1.57) = -2 V 

(use care to em ploy r adian m ode on your calculator or convert 1.57 radians to 
degrees) 
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36. 18 AWG wire has a resistance of 6.39 Q / 1000 ft. 

Thus, we require 1000 (53) / 6.39 = 8294 ft of wire. 
(Or 1.57 miles. Or, 2.53 km). 


PROPRIETARY MATERIAL . © 2007 Th e McGraw-Hill Companies, Inc. Lim ited distr ibution pern itted onl y to 
teachers and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 


www.elsolucionario.net 

Engineering Circuit Analysis, 7 th Edition Chapter Two Solutions 


10 March 2006 


37. We need to create a 47 0-Q resistor from 28 AWG wire , knowing that the am bient 
tern perature is 108°F, or 42.22°C. 

Referring to Table 2.3, 28 AWG wire is 65.3 m Q/ft at 20 °C, and using the equation 
provided we compute 

R 2 /Ri = (234.5 + T 2 )/(234.5 + TO = (234.5 + 42.22)/(234.5 + 20) = 1.087 
We thus find that 28 AWG wire is (1.087)(65.3) = 71.0 mQ/ft. 

Thus, to repair the transmitter we will need 

(470 Q)/(71.0 x 10-3 Q/ft) = 6620 ft (1.25 miles, or 2.02 km). 


Note: This seems like a lot of wire to be washing up on shore. W e may find we don’t 
have enough. In that case, perhaps we shoul d take our cue from Eq. [6], and try to 
squash a piece of the wire flat so that it has a very small cross-sectional area. 
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38. We are given that the conductivity crof copper is 5.8xl0 7 S/m. 

(a) 50 ft of #18 (18 AWG) copper wire, which has a diameter of 1.024 mm, will have 
a resistance of U(<jA) ohms, where A = the cross-sectional area and / = 50 ft. 

Converting the dimensional quantities to meters, 

/= (50 ft)(12 in/ft)(2.54 cm/in)(l m/100 cm) = 15.24 m 

and 

r= 0.5(1.024 mm)(l m/1000 mm) = 5.12xl0‘ 4 m 
so that 

A = nr 2 = ;r(5.12xl0' 4 m) 2 = 8.236xl0' 7 m 2 

Thus, R = (15.24 m)/[( 5.8xl0 7 )( 8.236xl0' 7 )] = 319.0mQ 

(b) We assume that the conductivity value specified also holds true at 50°C. 

The cross-sectional area of the foil is 

A = (33 pm)(500 pm)(l m/10 6 pm)( 1 m/10 6 pm) = 1.65xl0' 8 m 2 
So that 

R = (15 cm)(l m/100 cm)/[( 5.8xl0 7 )( 1.65xl0' 8 )] = 156.7 mfi 

A 3-A current flowing through this copper in the direction specified would 
lead to the dissipation of 

I 2 R = (3 f (156.7) mW= 1.410 W 
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39. Since R = p l / A, it follows that p=RAJ l. 

From Table 2.4, we see that 28 AWG soft copper wire (cross-sectional area = 0.0804 
mm 2 ) is 65.3 Q per 1000 ft. Thus, 


R= 65.3 Q. 


i = (1000 ft)(12 in/ft)(2.54 cm/in)(10 mm/cm) = 304,800 mm. 

A = 0.0804 mm 2 . 

Thus, p = (65.3)(0.0804)/304800 = 17.23 pQ/ mm 
or 

p = 1.723 pQcm 

which is in fact consistent with the representative data for copper in Table 2.3. 
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40. (a) From the text, 

(1) Zener diodes, 

(2) Fuses, and 

(3) Incandescent (as opposed to fluorescent) light bulbs 

This last one requires a few facts to be put together. We have stated that temperature 
can affect resistance—in other words, if the temperature changes during operation, the 
resistance will not rem ain constant and hence nonlinear behavior will be observed. 
Most discrete resistors are rated for up to a sp ecific power in o rder to ensure th at 
temperature variation during operation will no t significantly change th e res istance 
value. Light bulbs, however, become rather warm when operating and can experience 
a significant change in resistance. 

(b) The energy is dissipated by the resistor, converted to heat which is transferred to 
the air surrounding the resistor. The resistor is unable to store the energy itself. 
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41. The quoted resistivity p of B33 copper is 1.7654 pQ cm. 
A = nr 2 = n(10~ 3 ) 2 = I0~ 6 n m 2 . I = 100 m. 


1.7654x10 6 Qcm (l m/100 cm)(100m) 

Thus, R = /?/ / A = ^-—-- = 0.5619 Q 

10 ^ 

AndP = I 2 R= (1.5) 2 (0.5619)= 1.264 W. 
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42. We know that for any wire of cross-sectional area A and length l , the resistan ce is 
given by R = p t / A. 


If we keep p fixed by choosing a material, and A fixed by choosing a wire gauge (e.g. 
28 AWG), changing l will change the resistance of our “device.” 


A simple variable resistor concept, then: 



Copper wire 


Leads to 
connect to 
circuit 



Rotating sh ort 
wire de ter- 
rnines length 
of long wire 
used in circuit. 


But this is s omewhat impractical, as the 1 eads may turn out to have aim ost the sam e 
resistance unless we have a very long wi re, which can also be im practical. One 
improvement would be to replace the coppe r wire shown with a coil of insulated 
copper wire. A s mall amount of insulation would then need to be removed from 
where the moveable wire touches the coil so that electrical connection could be made. 
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43. (a) We need to plot the negative and positive voltage ranges separately, as the positive 

voltage range is, after all, exponential! 




(b) To dete rmine the resist ance of the device at V = 550 mV, we com pute the 
corresponding current: 


/= 10' 9 [e 39(055) - 1] = 2.068 A 
Thus, R( 0.55 V) = 0.55/2.068 = 266 mQ 

(c) R = 1 Q corresponds to V= I. Thus, we need to solve the transcendental equation 

/= 10' 9 [e 391 - 1] 

Using a scientific calculator or the tried-and-true trial and error approach, we find that 

1= 514.3 mA 
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44. We require a 10-Q resistor, and are told it is f or a portable application, implying that 
size, weight or both would be important to consider when selecting a wire gauge. W e 
have 10,000 ft of each of the gaug es listed in Table 2.3 w ith which to work. Quick 
inspection o f the values listed e liminates 2,4 a nd 6 AW G w ire as the ir respec tive 
resistances are too low for only 10,000 ft of wire. 

Using 12-AWG wire would require (10 Q) / (1.59 mQ/ft) = 6290 ft. 

Using 28-AWG wire, the narrowest available, would require 

(10 Q) / (65.3 mQ/ft) = 153 ft. 

Would the 28-AWG wire weight less? Again referring to T able 2.3, we see that the 
cross-sectional area of 28-AWG wire is 0.0804 mm 2 , and that of 12-AWG wire is 
3.31 mm". The volume of 12-AWG wire required is therefore 6345900 mm , and that 
of 28-AWG wire required is only 3750 mm 3 . 

The best (but not the only) choice for a portable application is clear: 28-AWG wire! 
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45. Our target is a 100-Q resistor. We see from the plot that at Nd = 10 15 cm' 3 , p n ~ 2xl0 3 
cm /V-s, yielding a resistivity of 3.121 Q-cm. 

AtN D = 10 18 cm' 3 , p n ~230 cm 2 /V-s, yielding a resistivity of 0.02714 Q-cm. 

Thus, we s ee that the lower doping level cl early provides m aterial with higher 
resistivity, requiring less of the available area on the silicon wafer. 


Since R = pL/A, where we know R = 100 Q and p = 3.121 Q-cm for a phosphorus 

15 3 

concentration of 10 cm' , we need only define the resistor geometry to complete the 
design. 

We choose a geometry as shown in the figure; our contact area is arbitrarily chosen as 
100 pm by 250 pm, so that only the length L remains to be specified. Solving, 


R (100 Q)(100 jm )(250 pa ) 
p (3.121 Q cm)(l0 4 //m/cm) 


80.1 pm 


Design summary (one possibility): 
Contact 


N d = 10 15 cm' 3 
L = 80.1 pm 

width =100 pm 


(Note: this is somewhat atypical; in the semiconductor industry contacts are typically 
made to the top and/o r bottom surface of a wafer. So, there’s more than one solution 
based on geometry as well as doping level.) 
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2. (a) six nodes; 0 

b) nine branches. 
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3. (o) Four nodes; (b 


five branches; 


(c) path, yes - loop, no. 
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4. (a) Five nodes; 


(b) seven branches; 


(a) path, yes - loop, no. 
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6 . 


(a) By KCL at the bottom node: 
So 


iz - 9 A. 


2-3 +i z -5-3 = 0 


(b) If the left-most resistor has a value of 1 Q, then 3 V appears across the parallel 
network (the ‘+’ reference terminal being the bottom node) Thus, the value of the 
other resistor is given by 


R = 


3 

I ( = 5) 


600 infl. 
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7. 


3 A; 


(*> ] -3 A;| 

K0 
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8. By KCL, we may write: 


5 + Zy + z’z — 3 + 4 


(a) 4 — 2 + z y + 4 — 2 + 2 + 0 — 


4 A 


(b ) i y = 3 + 4 - 5 - 4 

/y = -2 + 2 - 2 z' y 


Thus, we find that 


z y = 0. 


(c) 5 + z’y + 4 — 3 + z’x —> 5 + z’x + 4 — 3 + 4 so 4 — 3 


10 March 2006 


-5= -2A. 
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9. Focusing our attention on the bottom left node, we see that 


/* = 1 A. 


Focusing our attention next on the top right node, we see that 


z v = 5 A 
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10 . 


We obtain the current each bulb draws by dividing its power rating by the operating 
voltage (115 V): 


IlOOW - 100/115 = 896.6 mA 
I 60 w = 60/115 = 521.7 mA 
I 40 W = 347.8 mA 


Thus, the total current draw is 


1.739 A. 
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11. The DMM is connected in parallel with the 3 load resistors, across which develops the 
voltage we wish to measure. If the DMM appears as a short, then all 5 A flows 
through the DMM, and none through the resistors, resulting in a (false) reading of 0 V 
for the circuit undergoing testing. If, instead, the DMM has an infinite internal 
resistance, then no current is shunted away from the load resistors of the circuit, and a 
true voltage reading results. 
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12. In either case, a bulb failure will adversely affect the sign. 


Still, in the parallel-connected case, at least 10 (up to 11) of the other characters will 
be lit, so the sign could be read and customers will know the restaurant is open for 
business. 
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13. (a)v y = l(3v x +/ z ) 


v x = 5 V and given that 4 = -3 A, we find that 


v y = 3(5) - 3 


12 V 

{b)v y = l(3v x +4) = -6 = 3v x + 0.5 



Solving, we find that v x = (-6 - 0.5)/3 = 

-2.167 V. 


10 March 2006 
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14. (a) z x =vi/10 + vi/10 

2v\ = 50 


so 


Vi 


25 V. 


By Ohm’s law, we see that i y = v 2 /10 

also, using Ohm’s law in combination with KCL, we may write 

i x = v 2 /10 + v 2 /10 = i y + i y = 5 A 

Thus, L = 2.5 A. 


(b) From part (a), z' x = 2 v\! 10. Substituting the new value for vi, we find that 


6/10 = 600 mA. 


Since we have found that L = 0.5 L 


i y = 300 mA. 


(c) no value - this is impossible. 
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15. We begin by making use of the information given regarding the power generated by 
the 5-A and the 40-V sources. The 5-A source supplies 100 W, so it must therefore 
have a terminal voltage of 20 V. The 40-V source supplies 500 W, so it must therefore 
provide a current I x of 12.5 A. 



(1) By KVL, -40 + (-110) + R(5) - 20 
Thus, R = 34 Q. 


= 0 


(2) By KVL, -V G - (-110) + 40 =0 
So V G = 150 V 


Now that we know the voltage across the unknown conductance G, we need only to 
find the current flowing through it to find its value by making use of Ohm’s law. 

KCL provides us with the means to find this current: The current flowing into the “+” 
terminal of the -110-V source is 12.5 + 6 = 18.5 A. 


Then, I x = 18.5-5 = 13.5 A 
By Ohm’s law, I x = G • 

So G = 13.5/150 or 


V G 

G = 90 mS 
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16. (a) -1 + 2 + 10/-3.5 + 10/ = 0 

Solving, i = 125 mA 


0 b ) + 10 + 1 / -2 + 2 / + 2-6 + / = 0 
Solving, we find that 4/ = -4 or 


/ = - 1 A. 


10 March 2006 
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17. Circuit I. 


Starting at the bottom node and proceeding clockwise, we can write the KVL equation 
+7 - 5 - 2 - l(i) = 0 


Which results in / = 0. 


Circuit II. 

Again starting with the bottom node and proceeding in a clockwise direction, we write 
the KVL equation 


-9 +4 i + M = 0 


(no current flows through either the -3 V source or the 2 Q resistor) 


Solving, we find that i = 9/8 A 


1.125 A. 
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Begin by defining a clockwise current i. 


-Vs + Vi + V 2 = 0 


so v s = vi + V 2 = i{R\ + i? 2 ) 


and hence i =--—. 

R\ R-> 


Thus, Vj = /?,/ = 




h 

R \ +^2 


and v 2 =R 2 i = 


r 2 

R\ + R 2 


V 


s ■ 
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19. Given: (1) Vd= 0 and (2) no current flows into either terminal of Vj. 

Calculate V out by writing two KVL equations. 

Begin by defining current /| flowing right through the 100 Q resistor, and h flowing 
right through the 470 Q resistor. 

-5 + lOOz'i + Vd= 0 [1] 


-5 + 100/1 + 470/2+^ = 0 [2] 

Making use of the fact that in this case Vj = 0, we find that il = 5/100 A. 

Making use of the fact that no current flows into the input terminals of the op amp, 
i i = h. Thus, Eq. [2] reduces to 


-5 + 570(5/100) + V 0 ut = 0 or 


V out = -23.5 V 


(hence, the circuit is acting as a voltage amplifier.) 
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20. (a) By KVL, -2 + v x + 8 

so that v x = -6 V. 


(b) By KCL at the top left node, 

4 1 = 1 + Is + v x /4 - 6 


or 


I in = 23 A 


(c) By KCL at the top right node, 
Is + 4 v x = 4 - v x /4 
So Is = 29.5 A. 


(d) The power provided by the dependent source is 8(4v x ) 


10 March 2006 


-192 W. 
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21. (a) Working from left to right, 

vi = 60 V 
v 2 = 60 V 
h = 60/20 =3A 
/ 4 = v,/4 = 60/4 = 15 A 
v 3 = 5/2 = 15 V 

By KVL, -60 + V 3 + V 5 = 0 
v 5 = 60 - 15 = 45 V 
V 4 = V 5 = 45 

15 = V 5/5 =45/5 = 9 A 
Z 3 = z 4 + is =15 + 9 = 24 A 
i\ = z 2 + 13 =3+24 =27 


Vi = 60 V 

h = 21 A 

v 2 = 60 V 

h= 3 A 

v 3 = 15 V 

h = 24 A 

v 4 = 45 V 

/.1 = 15 A 

v 5 = 45 V 

< 

o\ 

II 

. ^ 


(, b ) It is now a simple matter to compute the power absorbed by each element: 


Pi 

= -vii, 

=-(60)(27) 

= -1.62 kW 

P2 

= v 2 h 

= (60X3) 

= 180 W 

Pi 

= V 3 I 3 

=(15)(24) 

= 360 W 

P 4 

= V 4 i4 

= (45)(15) 

= 675 W 

P5 

= V 5/5 

= (45)(9) 

= 405 W 


and it is a simple matter to check that these values indeed sum to zero as they should. 
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22. Refer to the labeled diagram below. 

I,$SI 1JI zsst 



Beginning from the left, we find 
P 2ov = -(20)(4) = -80 W 


vi .5 = 4(1.5) = 6 V therefore 


p i.5 = (vi. 5 )7 1.5 = 24 W. 


v 14 = 20-vi.s =20-6 = 14 V 


therefore p 14 = 14 / 14 = 14 W. 


i 2 = v 2 /2 = v 1 . 5 /1.5-v 14 /14 = 6/1.5 -14/14 = 3 A 


Therefore v 2 = 2(3) = 6 V and pi = 672 = 18 W. 


V 4 = V 14 - v 2 =14-6 = 8 V therefore = 8 /4 = 16 W 
7.5 = V 2 . 5 / 2.5 = v 2 /2 - V 4/4 = 3 - 2 = 1 A 


Therefore v 2 5 = (2.5)(1) = 2.5 V and so 
I2.5 = - Is, thefore I s = -1 A. 


^ 2 .5 = (2.5)72.5 = 2.5 W. 


KYL allows us to write -v 4 + v 2 5 + vis = 0 


so Vi s = v 4 — v 2 .5 = 8-2.5 = 5.5 V and 


A quick check assures us that these power quantities sum to zero. 


Pis =-Vi s I s = 5.5 W. 
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23 . Sketching the circuit as described, 



(. b ) V14 = 6 V. 


V13 = V14 + V43 = 6 + 8 = 14 V 

V23 = V13 - vn — 14 - 12 = 2 V 

V24 = V23 + V34 = 2 - 8 = -6 V 


(c) V14 = -6 V. 


V13 = V14 + V43 = -6 + 8 = 2 V 

T23 = V13 - V12 = 2 - 12 =-10V 

V24 = V23 + V34 =-10 - 8 = -18 V 
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24. (a) By KVL, -12 + 5000I D + Vos + 2000I D 

Therefore, V DS = 12 - 7(1.5) = 1.5 V. 


(b) By KVL, - V G + V G s + 2000I D = 0 
Therefore, V GS = V G - 2(2) =-1 V. 


10 March 2006 
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25. Applying KVL around this series circuit, 

-120 + 30/ x + 40/ x + 20z x + v x + 20 + 10z x = 0 

where v x is defined across the u nkn own element X, with the “+” reference on top. 
Simplifying, we find that 100z x + v x = 100 

To solve further we require specific information about the element X and its 
properties. 

(a) if X is a 100-Q resistor, 

v x = 100/ x so we find that 100 z x + 100 z x = 100. 
z' x = 500 inA and p x = v x z' x = 25 W. 


Thus 


(. b ) If X is a 40-V independent voltage source such that v x = 40 V, we find that 
z x =(100-40)/ 100 = 600 mA and 


Px = V x ix = 24 W 


(c) If X is a dependent voltage source such that v x = 25ix 
z' x = 100/125 = 800 inA and 


Px = Vxk= 16 W. 


(d) If X is a dependent voltage source so that v x = 0.8vi, 
where vi = 40z' x , we have 

100 z x + 0.8(40z' x ) = 100 


or z'x = 100/132 = 757.6 mA and 


Px = v x z'x = 0.8(40)(0.7576) 2 = 18.37 W. 


(e) If X is a 2-A independent current source, arrow up, 

100 (-2) + v x = 100 

so that v x = 100 + 200 = 300 V and p x = v x z' x = -600 W 
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26. ( a ) We first apply KVL: 

-20 + 10/1 + 90 + 40/1 + 2v 2 — 0 

where v 2 = 10/'i. Substituting, 

70 + 70/1 = 0 


or 


/!=-1 A. 


(b) Applying KVL, 

-20 + 10 /1 + 90 + 40/i + 1.5 v3 = ( 

where 

V 3 = -90 - 10/'i + 20 = -70 - 10 z'i 
alternatively, we could write 

V 3 = 40/'i + 1.5 v3 = -80/1 
Using either expression in Eq. [1], we find 

(c) Applying KVL, 

Solving, 


i\ = 1 A. 


i\ = - 2A. 


-20 + 10 /1 + 90 + 40/i -15/i — 0 


10 March 2006 


[ 1 ] 
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27. Applying KVL, we find that 

-20 + 10/j + 90 + 40/1 + 1.8 v 3 = 0 [1] 

Also, KVL allows us to write 

v 3 = 40z'i + 1.8v 3 
v 3 = -5 O/i 

So that we may write Eq. [1] as 

500 - 1.8(50)0 = -70 

or 0 = -70/-40 = 1.75 A. 

Since v 3 = -500 = -87.5 V, no further information is required to determine its value. 

The 90-V source is absorbing (90)(0) = 157.5 W of power and the dependent source 
is absorbing (1.8v 3 )(0) = -275.6 W of power. 

Therefore, none of the conditions specified in (a) to (d) can be met by this circuit. 
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28. (a) Define the charging current / as flowing clockwise in the circuit provided. 

By application of KVL, 

-13 + 0.02/+ R/ +0.035/+ 10.5 = 0 

We know that we need a current / = 4 A, so we may calculate the necessary resistance 


R = [13 - 10.5 - 0.055(4)]/ 4 = 570 mQ 


(. b ) The total power delivered to the battery consists of the power absorbed by the 
0.035-0 resistance (0.035/ ), and the power absorbed by the 10.5-V ideal battery 
(10.5/). Thus, we need to solve the quadratic equation 

0.035/ 2 + 10.5/ = 25 

which has the solutions / = -302.4 A and / = 2.362 A. 

In order to determine which of these two values should be used, we must recall that 
the idea is to charge the battery, implying that it is absorbing power, or that / as 
defined is positive. Thus, we choose / = 2.362 A, and, making use of the expression 
developed in part ( a ), we find that 


R = [13 - 10.5 - 0.055(2.362)]/ 2.362 = 1.003 Q 


(c) To obtain a voltage of 11 V across the battery, we apply KVL: 

0.035/ + 10.5 = 11 so that / = 14.29 A 
From part (a), this means we need 


R= [13- 10.5 -0.055(14.29)]/14.29 = 119.9mQ 
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29. Drawing the circuit described, we also define a clockwise current i. 



By KVL, we find that 

-13 + (0.02 + 0.5 - 0.05)z + 0.035/ + 10.5 
or that i = (13 - 10.5)/0.505 = 
and Vbattery = 13 - (0.02 + 0.5)/ = 10.43 V. 


4.951 A 


PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to 
teachers and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 






www.eIsolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Three Solutions 10 March 2006 


30. Applying KVL about this simple loop circuit (the dependent sources are still linear 
elements, by the way, as they depend only upon a sum of voltages) 

-40 + (5 + 25 + 20)/ — (2v 3 + vt) + (4vi — V 2 ) = 0 [1] 

where we have defined / to be flowing in the clockwise direction, and 
vi = 5/, V 2 = 25/, and v 3 = 20/. 

Performing the necessary substition, Eq. [1] becomes 

50/ - (40/ + 25/) + (20/ - 25/) = 40 
so that / = 40/-20 = -2 A 

Computing the absorbed power is now a straightforward matter: 


/?40V 

= (40)(-/) 

- 80 W 

P5D. 

= 5 i 1 

= 20 W 

P25C1 

= 25 7 

= 100 W 

Pion 

= 20/ 2 

= 80 W 

P depsrc 1 

= (2v 3 + V 2 )(-/) = (40/ + 25/) 

= -260 W 

P depsrc2 

II 

I 

to ^ 

II 

O 

1 

K) 

= -20 W 


and we can easily verify that these quantities indeed sum to zero as expected. 
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31. We begin by defining a clockwise current i. 


(a) i = 12/(40 + R) mA, with R expressed in kQ. 


We want i ■ 25 = 2 


or 


12 


•25 = 2 


40 + i? y 

Rearranging, we find a quadratic expression involving R: 

R 2 + 80 R - 200 = 0 

which has the solutions R = -82.43 kQ and R = 2.426 kQ. Only the latter is a 
physical solution, so 


R = 2.426 kQ. 


(b) We require i ■ 12 = 3.6 or i = 0.3 mA 

From the circuit, we also see that i = 12/(15 + R + 25) mA. 

Substituting the desired value for i, we find that the required value of R is 


R = 0. 


(c) 
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32. By KVL, 

-12 + (1 + 2.3 + R w i re segment) i = 0 

The wire segment is a 3000-ft section of 28-AWG solid copper wire. Using Table 
2.3, we compute its resistance as 


(16.2 mD/ft)(3000 ft) = 48.60 


which is certainly not negligible compared to 
Thus, 

i = 12/(1+2.3+48.6) 


the other resistances in the circuit! 


231.2 mA 
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33. We can apply Ohm’s law to find an expression for v 0 : 

v 0 = 1000(-g m v n ) 

We do not have a value for v n , but KVL will allow us to express that in terms of v 0 , 
which we do know: 

-10x10 3 cos 51 + (300 + 50 x 10 3 ) i = 0 
where i is defined as flowing clockwise. 

Thus, Vji = 50x 10 3 i = 50xl0 3 (10xl0“ 3 cos 5t) / (300 + 50xl0 3 ) 

= 9.940xl0“ 3 cos 5t V 
and we by substitution we find that 

v 0 = 1000(-25xl0“ 3 )( 9.940xl0~ 3 cos5t) 

= -248.5 cos 5 1 mV 
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34. By KVL, we find that 


-3+ 100 I D +V D =0 


Substituting I D = 3><10 6 (e VD/27xl ° - 1), we find that 


-3 + 300xl0“ 6 (e VD/27xl(H - 1) +V D =0 


This is a transcendental equation. Using a scientific calculator or a numerical 
software package such as MATLAB®, we find 


Vd 


246.4 mV 


Let’s assume such software-based assistance is unavailable. In that case, we need to 
“guess” a value for V D , substitute it into the right hand side of our equation, and see 
how close the result is to the left hand side (in this case, zero). 



oops 


better 


At this point, the error is 
getting much smaller, and 
our confidence is increasing 
as to the value of Vd. 
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35. Define a voltage v x , “+” reference on the right, across the dependent current source. 

Note that in fact v x appears across each of the four elements. We first convert the 10 
mS conductance into a 100-Q resistor, and the 40-mS conductance into a 25-Q 
resistor. 


(a) Applying KCL, we sum the currents flowing into the right-hand node: 

5 - v x / 100 - v x / 25 + 0.8 z x = 0 [1] 

This represents one equation in two u nkn owns. A second equation to introduce at this 
point is 

z' x = v x /25 so that Eq. [1] becomes 

5 - v x / 100 - v x / 25 + 0.8 (v x / 25) = 0 

Solving for v x , we find v x = 277.8 V. It is a simple matter now to compute the power 
absorbed by each element: 


P 5 A 

X 

in 

1 

II 

= -1.389 kW 

Pioon 

= (v x ) 2 /100 

= 771.7 W 

P25n 

= (vx) 2 / 25 

= 3.087 kW 

Pdep 

-v x (0.8/ x ) = -0.8 (v x ) 2 / 25 

= -2.470 kW 


A quick check assures us that the calculated values sum to zero, as they should. 
(b) Again summing the currents into the right-hand node, 

5 - v x /100 - v x / 25 + 0.8 iy = 0 [2] 

where i y = 5 - v x /100 
Thus, Eq. [2] becomes 

5 - v x / 100 - v x / 25 + 0.8(5) - 0.8 (z y ) / 100 = 0 
Solving, we find that v x x = 155.2 V and i y = 3.448 A 
So that 


Psa 

X 

> 

in 

1 

II 

= -776.0 W 

Pioon 

= (v x ) 2 / 100 

= 240.9 W 

P 25 Q 

= (v x ) 2 /25 

= 963.5 W 

Pdep 

- -v x (0.8 Zy) 

= -428.1 W 


A quick check shows us that the calculated values sum to 0.3, which is reasonably 
close to zero compared to the size of the terms (small roundoff errors accumulated). 
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36. Define a voltage v with the “+” reference at the top node. Applying KCL and 
summing the currents flowing out of the top node, 


v/5,000 + 4x10 -3 + 3/i + v/20,000 = 0 [1] 

This, unfortunately, is one equation in two unknowns, necessitating the search for a 
second suitable equation. Returning to the circuit diagram, we observe that 


or 


[ 2 ] 


i\ = 3 i\ + v/2,000 

z'i = -v/40,000 

Upon substituting Eq. [2] into Eq. [1], Eq. [1] becomes, 

v/5,000 + 4xl0“ 3 - 3v/40,000 + v/20,000 = 0 

Solving, we find that 

v =-22.86 V 
and 

z'i = 571.4 pA 

Since z' x = z’i, we find that z' x = 571.4 pA. 
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37. Define a voltage v x with its “+” reference at the center node. Applying KCL and 
summing the currents into the center node, 

8 — v x /6 + 7 — v x /12 -v x /4 = 0 

Solving, v x = 30 V. 

It is now a straightforward matter to compute the power absorbed by each element: 


P 8A 

II 

1 

00 

X 

= -240 W 

P6n 

= (v x ) 2 / 6 

= 150 W 

< 

00 

PLh 

X 

> 

r- 

1 

II 

= -210W 

Pi2n 

= (v x ) 2 / 12 

= 75 W 

P4n 

= (v x ) 2 / 4 

= 225 W 


and a quick check verifies that the computed quantities sum to zero, as expected. 
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38. ( a ) Define a voltage v across the 1-kQ resistor with the “+” reference at the top node. 

Applying KCL at this top node, we find that 


Solving, 


and 


80xlCT 3 - 3QxlCr 3 = v/1000 + v/4000 


(50x10 _3 )(4x10 6 /5x10 3 ) = 40 V 


P 4k n = v/4000 = 


400 mW 


(, b ) Once again, we first define a voltage v across the 1-kQ resistor with the 
reference at the top node. Applying KCL at this top node, we find that 


Solving, 


and 


80 x 1 0 3 - 30x1 O' 3 - 20x10^ 3 


v = 30 V 

-3 


v/1000 


P 20mA “ V ■ 20 x 10 


600 mW 


(c) Once again, we first define a voltage v across the 1-kQ resistor with the “+” 
reference at the top node. Applying KCL at this top node, we find that 


where 
so that 
and 

Thus, 


80x10~ 3 - 30x10' 3 - 2 U = v/1000 


v/1000 


80xl0“ 3 - 30x10' 3 = 2W1000 + v/1000 


50x10“ 3 (1000)/3 = 16.67 V 


P dep V ’ 2 Z x 


555.8 mW 


(d) We note that i x = 60/1000 
into and out of the top node) 


60 inA. KCL stipulates that (viewing currents 


80 — 30 + is 


60 


Thus, 4 = 10 mA 

and P6ov = 60(10) mW = 


-600 mW 
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39. (a) To cancel out the effects of both the 80-mA and 30-mA sources, z's must be set to 


z's = -50 inA. 


(. b ) Define a current is flowing out of the “+” reference tenninal of the independent 
voltage source. Interpret “no power” to mean “zero power.” 

Summing the currents flowing into the top node and invoking KCL, we find that 

80xl0' 3 - 30xl0' 3 -vs/lxlO 3 + i s = 0 

Simplifying slightly, this becomes 

50 -v s + 10 3 z's = 0 [1] 

We are seeking a value for vs such that vs ■ z‘s = 0. Clearly, setting vs = 0 will achieve 
this. From Eq. [1], we also see that setting = 50 V will work as well. 
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40. Define a voltage v 9 across the 9-Q resistor, with the “+” reference at the top node. 

(a) Summing the currents into the right-hand node and applying KCL, 

5 + 7 = V 9 / 3 +V 9/9 

Solving, we find that V 9 = 27 V. Since z x = vg / 9, i x = 3 A. 


(b) Again, we apply KCL, this time to the top left node: 

2 - vs / 8 + 2z' x - 5 = 0 


Since we know from part (a) that i x = 3 A, we may calculate v 8 = 24 V. 

(c) p 5A = (v 9 - v 8 ) ■ 5 = 15 W. 
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41. Define a voltage v x across the 5-A source, with the “+” reference on top. 
Applying KCL at the top node then yields 

5 + 5vi - v x /(1 + 2) — v x /5 = 0 [1] 

where v\ = 2[v x /(I + 2)] = 2 v x / 3. 

Thus, Eq. [1] becomes 

5 + 5(2 v x / 3) - v x / 3 - v x / 5 = 0 

or 75 + 50 v x - 5 v x - 3 v x = 0, which, upon solving, yields v x = -1.786 V. 
The power absorbed by the 5-Q resistor is then simply (v x )V5 = 


638.0 rnW. 
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42. Despite the way it may appear at first glance, this is actually a simple node-pair 

circuit. Define a voltage v across the elements, with the “+” reference at the top node. 

Summing the currents leaving the top node and applying KCL, we find that 

2 + 6 + 3 + v/5 + v/5 + v/5 = 0 


or v =-55/3 = -18.33 V. The power supplied by each source is then computed as: 


P 2 A = -v(2) = 36.67 W 
P6A. = -v(6) = 110W 
P 2 A = -v(3) = 55 W 


The power absorbed by each resistor is simply v/5 = 67.22 W for a total of 201.67 W, 
which is the total power supplied by all sources. If instead we want the “power 
supplied” by the resistors, we multiply by -1 to obtain -201.67 W. Thus, the sum of 
the supplied power of each circuit element is zero, as it should be. 
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43. Defining a voltage V x across the 10-A source with the “+” reference at the top node, 
KCL tells us that 10 = 5 + Im, where ho is defined flowing downward through the 
1-Q resistor. 


Solving, we find that Im = 5 A, so that V x = (1)(5) = 5 V. 
So, we need to solve 

V x = 5 = 5(0.5 + Rsegment) 


With Rsegment = 500 lllfl 

From Table 2.3, we see that 28-AWG solid copper wire has a resistance of 65.3 
mQ/ft. Thus, the total number of miles needed of the wire is 


500 mfl 

(65.3 mQ/ft)(5280 ft/mi) 


1.450x10 3 miles 


PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to 
teachers and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 




www.eIsolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Three Solutions 10 March 2006 


44. Since v = 6 V, we kn ow the current through the I -Q resistor is 6 A, the current 
through the 2-Q resistor is 3 A, and the current through the 5-Q resistor is 6/5 
= 1.2 A, as shown below: 


- <oV * 

-*/.2 A 

" vVV 

+6* n 

3 ec 

VVV- 

SJl 

2-A. 

£ 


ByKCL, 6 + 3 + 1.2 + z's = 0 or 


is = -10.2 A. 
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45. 


(o) Applying KCL, 1 - i - 3 + 3 = 0 


so 


i = 1 A. 


(b) Looking at the left part of the circuit, we see 1 + 3 = 4 A flowing into the 
u nkn own current source, which, by virtue of KCL, must therefore be a 4-A current 
source. Thus, KCL at the node labeled with the “+” reference of the voltage v gives 


4-2+7-/=0 


or 


/ = 9 A 
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46. (a) We may redraw the circuit as 





Then, we see that v 


( 1 )( 1 ) = 


1 V. 


(. b ) We may combine all sources to the right of the 1-Q resistor into a single 7-A 
current source. On the left, the two 1-A sources in series reduce to a single 1-A 
source. 

The new 1-A source and the 3-A source combine to yield a 4-A source in series with 
the unknown current source which, by KCL, must be a 4-A current source. 


At this point we have reduced the circuit to 


HA 


7 A 


2A 


EQ 


Further simplification is possible, resulting in 



From which we see clearly that v = (9)(1) 


9 V. 
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47. (o) Combine the 12-V and 2-V series connected sources to obtain a new 12 — 2 — 10 V 

source, with the “+” reference terminal at the top. The result is two 10-V sources in 
parallel, which is pennitted by KYL. Therefore, 


i = 10/1000 = 10 mA. 


(b) No current flows through the 6-V source, so we may neglect it for this calculation. 
The 12-V, 10-V and 3-V sources are connected in series as a result, so we replace 
them with a 12 +10-3 = 19V source as shown 
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48. We first combine the 10-V and 5-V sources into a single 15-V source, with the “+” 

reference on top. The 2-A and 7-A current sources combine into a 7 - 2 = 5 A current 
source (arrow pointing down); although these two current sources may not appear to 
be in parallel at first glance, they actually are. 

Redrawing our circuit, 



SA 


we see that v = 15 V (note that we can completely the ignore the 5-A source here, 
since we have a voltage source directly across the resistor). Thus, 


P 160 


v 2 /16 = 


14.06 W. 


Returning to the original circuit, we see that the 2 A source is in parallel with both 16 
O resistors, so that it has a voltage of 15 V across it as well (the same goes for the 7 A 
source). Thus, 


abs 
7^ abs 


-15(2) = 
-15(-7) 


-30 W 


105 W 


Each resistor draws 15/16 A, so the 5 V and 10 V sources each see a current of 
30/16 + 5 = 6.875A flowing through them. 

Thus, 

^L =-5(6.875) 

=-10(6.871 

which sum to -0.01 W, close enough to zero compared to the size of the terms 
(roundoff error accumulated). 


-34.38 W 


= 

-68.75 W 
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49. We can combine the voltage sources such that 

12 si 



(a)v s = 10+10-6 
Therefore 


6 = 20-12 = 8 


i = 8/14 = 


571.4 mA. 


(b) v s = 3+ 2.5-3-2.5 = 0 


Therefore 



(c) v s = -3 + 1.5 
Therefore 


(-0.5)-0 = -1 V 


i =-1/14 


-71.43 mA. 
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50. We first simplify as shown, making use of the fact that we are told i x = 2 A to find the 
voltage across the middle and right-most 1-0 resistors as labeled. 



By KVL, then, we find that 


vi = 2 + 3 = 5 V. 
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51. We see that to determine the voltage v we will need v x due to the presence of the 

dependent current soruce. So, let’s begin with the right-hand side, where we find that 

v x = 1000(1 -3) x 10' 3 = -2 V. 

Returning to the left-hand side of the circuit, and summing currents into the top node, 
we find that 


(12-3.5) xlO' 3 + 0.03 v x = v/lOxl0 3 


or 


v = -515 V. 
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52. 


(a) We first label the circuit with a focus on detennining the current flowing through 
each voltage source: 


5f\ 


■si\ 

©- 


2»0 


-S-Av) 
—* --//» 


-HA © © 


i-,. 


H V 


3f\ 


3-/* 


1 

0- iV 


Then the power absorbed by each voltage source is 


P2V 

= -2(-5) 

= 10 W 

P 4 V 

= -(-4)(4) 

= 16 W 

P-3V 

= -(-9)(-3) 

= -27 W 


For the current sources, 


-5A 


) -HA © 


So that the absorbed power is 


Ja 

" fVvi)*7E + 


o 


HV 


@ 


izti 


P-5A 

= +(-5)(6) 

= -30 W 

P-4A 

= -(-4)(4) 

= 16 W 

P 3 A 

= -(3)(7) 

= -21 W 

P12A 

= -(12)(-3) 

= 36 W 


A quick check assures us that these absorbed powers sum to zero as they should. 


(b) We need to change the 4-V source such that the voltage across the -5-A source 
drops to zero. Define V x across the -5-A source such that the “+” reference terminal is 
on the left. Then, 


or 


Vneeded _ 2 V. 


-2 + V x - Vneeded “ 0 
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53. We begin by noting several things: 

(1) The bottom resistor has been shorted out; 

(2) the far-right resistor is only connected by one terminal and therefore does 
not affect the equivalent resistance as seen from the indicated terminals', 

(3) All resistors to the right of the top left resistor have been shorted. 


Thus, from t 


le indicated terminals, we only see the single 1-kD resistor, so that 


Ren = 1 kQ. 
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54. (a) We see IQ || (1 Q + 1 Q) || (1 Q + 1 Q + 1 Q) 

= in II 2 nil 3 Q 
= 545.5 mQ 


(ib ) 1/Req= 1 + 1/2+ 1/3 + ... + 1/N 


Thus, 


Req = [1 + 1/2 + 1/3 + ... + 1/N]'* 
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55. (a) 5 kQ = 

10 kQ | 

| 10 kQ 


(b) 57 333 Q = 

47 kQ + 10 kQ + 1 kQ 

| lkQ | 

| lkQ 


(c) 29.5 kQ 


47 kQ II 47 kQ + 10 kQ || 10 kQ + 1 kQ 


10 March 2006 
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56. 


(a) 


no simplification is possible using only source and/or resistor combination 
techniques. 


( b ) We first simplify the circuit to 


•VW- 
5 Q 


0 V 



7 O 


and then notice that the 0-V source is shorting out one of the 5-0 resistors, so a 
further simplification is possible, noting that 5Q||70 = 2.917 O: 
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57. Req = 1 kQ + 2 kQ || 2 kQ + 3 kQ || 3 kQ + 4 kQ || 4 kQ 
= 1 kQ + 1 k Q + 1.5 kQ + 2 kQ 


= 5.5 kQ. 


10 March 2006 
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58. (a) Working from right to left, we first see that we may combine several resistors as 

100 Q + 100 Q || 1000+1000 = 250 O, yielding the following circuit: 


R, 


eq 


-- 

-VA- 

-VA- 



100 ft 

100 ft 



100 ft :: 



100 ft 

100 ft 

100 ft 

100 ft 

< 

-VA - 

- VA - 



R eq = 100 0 11273.10 = 


73.20 O. 


250 ft 


Next, we see 100 O + 100 O || 250 O + 100 O = 271.4 O, 
and subsequently 100 O + 100 O || 271.4 O + 100 O = 273.1 O, 
and, finally, 


(■ b ) First, we combine 24 O || (50 O + 40 O) || 60 O = 14.4 O, which leaves us with 


R, 


eq 


o-VA-■ 

-Wv— 

ion 

5 n 

20 n < 


o-- 



14.4 Q 


Thus, R eq = 10 O + 20 O || (5 + 14.4 O) 


19.85 0. 


(c) First combine the 10-0 and 40-0 resistors and redraw the circuit: 

iso ion 



We now see we have (TO O + 15 O) || 50 O = 16.67 O. Redrawing once again, 



where the equivalent resistance is seen to be 2 O + 50 O || 16.67 0 + 80 


22.5 O. 
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59. (o)Re q = [(40Q + 20Q) || 30Q + 80 Q] || 100 0 + 10 Q = 

(b) R eq = 80 Q = [(40Q + 20Q) || 30 0 + R] || 100 O + 10 Q 
70 O = [(60 O || 30 O) + R] || 100 O 

1/70 = 1/(20 + R) + 0.01 _ 

20+R = 233.3 0 therefore R = 213.3 0. 


60 0. 


(c) R = [(40 O + 20 O) || 30 O + R] || 100 0+100 

R- 10 O = [20+ R] || 100 
1/(R - 10) = 1/(R + 20) + 1/ 100 
3000 = R 2 + 10R-200 


Solving, we find R = -61.79 O or R = 51.79 Q. 
Clearly, the first is not a physical solution, so 


R = 51.79 Q. 
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60. 


(a) 25 Q 

( b ) 60 Q 

(c) 40 Q 


100 Q I 

| 100 Q | 

| 100 O I 

| 100 Q 


[(100 Q || 100 Q) + 100 Q] II 100 Q 


(100 Cl + 100 Cl) II 100 Q II 100 Q 


10 March 2006 
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61. Req = [(5 Q || 20 Q) + 6 Q] || 30 Q + 2.5 Q =10Q 

The source therefore provides a total of 1000 W and a current of 100/10 


10 A. 


P 2 .5n = (10 ) 2 ■ 2.5 = 


250 W 


V 30 n = 100 -2.5 (10) = 75 V 
P 3 on = 75 2 / 30 = 1 187.5 W 


I 6 n = 10-V^o/3 0 = 10-7 5/30 = 7.5 A 
Pen = (7.5 ) 2 ■ 6 = |337.5 W 


V 5 n = 75 - 6( 7.5) = 30 V 


P 5 n = 307 5 = 180 W 


V 20 n = V 50 = 30 V 


We check our results by verifying that the absorbed powers in fact add to 1000 W. 


P 20 n = 30720 = 


45 W 
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62. To begin with, the 10-Q and 15-Q resistors are in parallel ( = 6 Q), and so are the 
20-Q and 5-Q resistors (= 4 Q). 


Also, the 4-A, 1-A and 6-A current sources are in parallel, so they can be combined 
into a single 4 + 6- 1 = 9 A current source as shown: 

A 


V x + 

14 n 6Q 

AAA,-AAA,-- 

4ft 6ft 

AAA,-AAA,- 



Next, we note that (14 Q + 6 Q) || (4 Q + 6 Q) = 6.667 Q 


so that 
and 


v x = 9(6.667) = 60 V 
i x = -60/10 = -6 A. 
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63. (a) Working from right to left, and borrowing x\\y notation from resistance 

calculations to indicate the operation xy/(x +y), 

G in = {[(6 II 2 II 3)+ 0.5] II 1.5 II 2.5 + 0.8} || 4 || 5 mS 
= {[(1) + 0.5] || 1.5 || 2.5 + 0.8} || 4 || 5 mS 
= {1.377} || 4 || 5 
= 0.8502 mS 


850.2 mS 


(. b ) The 50-mS and 40-mS conductances are in series, equivalent to (50(40)/90 = 

22.22 mS. The 30-rnS and 25-mS conductances are also in series, equivalent to 13.64 
mS. Redrawing for clarity, 



13.64 mS 


we see that Gi n 


10 + 22.22+ 13.64 


135.9 mS. 
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64. The bottom four resistors between the 2-Q resistor and the 30-V source are shorted 

out. The 10-0 and 40-0 resistors are in parallel (= 8 O), as are the 15-0 and 60-0 
(=12 O) resistors. These combinations are in series. 

Define a clockwise current I through the 1-0 resistor: 


I = (150-30)/(2 + 8 + 12 + 3 + l+2) = 4.286 A 


Pm = I 2 ' 1 


18.37 W 


To compute Pion, consider that since the 10-0 and 40-0 resistors are in parallel, the 
same voltage V x (“+” reference on the left) appears across both resistors. The current I 
= 4.286 A flows into this combination. Thus, V x = (8)(4.286) = 34.29 V and 


Pion = (Vxf/10 


117.6 W. 


Pnn - 0 


since no current flows through that resistor. 
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65. 


With the meter being a short circuit and no current flowing through it, we can write 

R i i i Rii-i f R ^R r, | 

R 3 h = Ri R R 3 i 3 ~ Ri R 

R R R 

And since i\ = h, and h = ir, Eq [1] becomes — = —, or R = R 2 — . 
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66 . The total resistance in the series string sums to 75 Q. 
The voltage dropped across the 2.2 Q resistor is 
2.2 


V 2 . 2n =10 


75 


293.3 mV 


and the voltage dropped across the 47 Q resistor is 


47 

v 47Q = .o- = 


6.267 mV 


10 March 2006 


PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to 
teachers and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 




www.eIsolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Three Solutions 10 March 2006 


67. We first note that the 4.7 kQ and 2.2 kQ resistors can be combined into a single 1.5 
1<Q resistor, which is then in series with the 10 kQ resistor. Next we note that the 33 
kQ / 47 kQ parallel combination can be replaced by a 19.39 kQ resistance, which is 
in series with the remaining 33 kQ resistor. 


By voltage division, then, and noting that V 47 kn is the same voltage as that across the 
19.39 kQ resistance, 

19.39 


V 47kO = 2 


10 + 1.5 + 33 + 19.39 


607.0 mV 
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68 . (a) The current downward through the 33 Q resistor is calculated more easily if we 

first note that 134 Q || 134 Q = 67 Q, and 67 Q + 33 Q = 100 Q. Then, 


/ =12_ ZIQQ _ 

1 330 W 1 / 1 / 

/lOVlOVlOO 


571.4 mA 


(b) The resistor flowing downward through either 134 Q resistor is simply 
571.4/2 = : 


285.7 mA 


(by current division). 
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69. We first note that 20 Q || 60 Q = 15 Q, and 50 Q || 30 Q = 18.75 Q. 

Then, 15 Q + 22 Q + 18.75 Q = 55.75 Q. 

Finally, we are left with two current sources, the series combination of 10 Q + 15 Q, 
and 10 Q || 55.75 Q = 8.479 Q. 

Using current division on the simplified circuit, 

1 

Am =(30-8) ) 10 + 15 ) 

10 + 15 + 8.479 


22.12 A 


PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to 
teachers and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 







www.eIsolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Three Solutions 


70. One possible solution of many: 


v s = 2(5.5) = 11 V 

Ri = R.2 = 1 kO. 


10 March 2006 
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71. One possible solution of many: 


is = 11 inA 
Ri = R.2 = 1 kO. 
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72. p l5n = (v 15 ) 2 / 15x 10 3 A 


v 15 = 15x 10 3 (-0.3 vi) 


where vi = [4 (5)/ (5 + 2)] 

•2 = 5.714 V 


Therefore vis = -25714 V and p 15 = 44.08 kW. 
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73. Replace the top 10 kQ, 4 1<Q and 47 kQ resistors with 10 1<Q + 4 kQ || 47 kQ = 
13.69 kQ. 

Define v x across the 10 kQ resistor with its “+” reference at the top node: then 
v x = 5 ■ (10 kQ || 13.69 kQ) / (15 kQ + 10 || 13.69 kQ) = 1.391 V 
ix = v x / 10 mA = 139.1 pA 


vis = 5- 1.391 = 3.609 V and p ls = (vi 5 ) 2 / 15xl0 3 = 


868.3 pW. 
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74. 


We may combine the 12-A and 5-A current sources into a single 7-A current source 
with its arrow oriented upwards. The left three resistors may be replaced by a 3 + 

6 || 13 = 7.105 Q resistor, and the right three resistors may be replaced by a 7 + 20 || 4 
= 10.33 Q resistor. 


By current division, i y = 7 (7.105)/(7.105 + 10.33) 


2.853 A 


We must now return to the original circuit. The current into the 6 Q, 13 Q parallel 
combination is 7 - i y = 4.147 A. By current division, 


4 = 4.147 . 13/(13 + 
and p x = (4.147) 2 ■ 
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75. The controlling voltage vi, needed to obtain the power into the 47-kQ resistor, can be 
found separately as that network does not depend on the left-hand network. 

The right-most 2 kQ resistor can be neglected. 

By current division, then, in combination with Ohm’s law, 

V! = 3000[5xl0' 3 (2000)/(2000+ 3000+ 7000)] = 2.5 V 


Voltage division gives the voltage across the 47-kQ resistor: 


0.5vj 


47 

47 + 1001120 


Sothat/? 47 kn = (0.9928) 2 /47 x10 3 = 


0.5(2.5)(47) 
47 + 16.67 


18.12 pW 


0.9228 V 
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76. The temptation to write an equation such as 


Vl 


10 


20 

20 + 20 


must be fought! 

Voltage division only applies to resistors connected in series, meaning that the same 
current must flow through each resistor. In this circuit, 6 ^ 0 , so we do not have the 
same current flowing through both 20 1<Q resistors. 
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77. 


(a) v 2 = V s -^- 

s R 1+ [R 2 ||(R 3 +R 4 )] 


— V 

R 2 (R j+ R 4 )/(R 

2 +R 3 +R 4, 


V c 

R 1 

+ r 2 (r 3 + r 4 )/(r 2 + r 3 + rJ 

— \r 

R 2 ( R 3 + R4) 


Rj(R 2 + R 3 + R 4 )+ R 2 (R 3 + r 4 ) 


(b) vj = V s - 1 - 

s R i+ [R 2 ||(R 3 +R 4 )] 

= V __ 

s R 1+ R 2 (R 3 + R 4 )/(R 2 +R 3+ R 4 ) 
= y _ R i (R 2 + R 3 + R 4 ) _ 

r,(r 2 +R 3 +R 4 )+R 2 (R 3 +R4) 


^ V 1 ^ 

r 

R 2 ] 

v R iy 

V 

R 2 + R 3 + R 4y 


Y _ R t (R 2 +R 3 +R 4 )R 2 _ 

RjfR^R;, + R 3 + R 4 ) + R 2 (R 3 + R 4 )(R 2 + r 3 

V _^2_ 

r 1 (r 2 + R 3 + R 4 )+ R 2 (R 3 + R 4 ) 


10 March 2006 


+R4)] 
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78. (a) With the current source open-circuited, we find that 

500 


v\ = -40 


500 + 3000116000 


-8 V 


(b) With the voltage source short-circuited, we find that 

1/3000 


h = (3x10 3 ) - 


/ 500 + 1/3000 + 1/6000 


400 //A 


1 3 


(3x10 3 ) 


500 


500 + 3000 II 6000 


600 juA 
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79. (a) The current through the 5-Q resistor is 10/5 = 2 A. Define R as 3 || (4 + 5) 

= 2.25 Q. The current through the 2-Q resistor then is given by 


1 


I s - 

s 1 + (2 + R) 
The current through the 5-Q resistor is 


Ic 


5.25 


1 = 


5.25 


3 + 9 


= 2 A 


so that 


Is = 42 A. 


(ib ) Given that Is is now 50 A, the current through the 5-Q resistor becomes 


L 


5.25 


3 + 9 


= 2.381 A 


Thus, v x = 5(2.381) = 


(c) f = - 

Ac 


11.90 V 


r 5i s 

r 3 v 

5.25 

U + 9 j 


0.2381 
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80. First combine the 1 kQ and 3 kQ resistors to obtain 750 Q. 
By current division, the current through resistor R x is 


I Rx = lOxlO 3 
and we know that R x • Ir x = 9 


2000 

2000+ R X +750 


so 9 


20 R x 
2750+ R X 


9 R x + 24750 = 20 R x or R x = 2250 W. Thus, 
Pr x = 9 2 /R x = 36 mW. 
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81. Define R = R3 || (R4 + R5) 


Then v R 


' R " 

V R + R 2y 

j [ R 3 (R4+R5)/(R3+R4+R 5 ) " 

s [r 3 (r 4 + r 5 )/(r 3 + R 4 + R 5 )+R 2 J 


=v R 3 (R 4 + R 3 ) 

s vRj (R 3 + R 4 + R5) + R 3 ( r 4 + R5) j 

Thus, 


v r 4 + R5 y 


v R 2 (R 3 + R 4 + R s ) + R 3 (R 4 + R 5 ) y 
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82. Define R, = 10 + 15 1130 = 20 Q and R, = 5 + 25 = 30 Q. 


(a) I x = Ii . 15/(15 + 30) = 4 mA 

(b) Ii = I x . 45/15 = 36 mA 


(c) D - Is Ri / (Ri + R 2 ) and Ii - Is R 2 / (Ri + R 2 ) 

So I 1 /I 2 = R 2 /R 1 
Therefore 

Ii = R 2 I 2 /R 1 =30(15)/20 = 22.5 mA 


Thus, I x =Ir 15/45 


7.5 mA 


(d) Ii = I s R 2 /(Ri+R 2 ) = 60 (30)/50 = 36 mA 
Thus, I x =Ii 15/45 = 1 12 mA. 
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Chapter Three Solutions 


83. v out = -g m v n (100 kQ || 100 kQ) = -4.762x10' g m v n 
where v K = (3 sin 107) ■ 15/(15 + 0.3) = 2.941 sin 107 


Thus, Vout = -56.02 sin 107 V 


10 March 2006 
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84. v out = -1000g m v K 


where v n = 3 sin 107 


15113 


(15 || 3) + 0.3 


= 2.679 sin 107 V 


therefore 


v out = -(2.679)(1000)(38><10' 3 ) sin 107 = 


-101.8 sin 107 V. 
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1. ( a) 

0.1 

-0.3 

-0.4 


Vl 


0 


-0.5 

0.1 

0 


V 2 = 


4 

-0.2 


-0.3 

0.4 


_U_ 


6 


Solving this matrix equation using a scientific calculator, 


v 2 = -8.387 V 


(b) Using a scientific calculator, the detenninant is equal to 


32. 
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2.( a) 

1 1 1 


VA 


27 

-1 

2 3 


Vb = 


-16 


_2 0 4 


_fc_ 


-6 


Solving this matrix equation using a scientific calculator, 


v A = 19.57 
v B = 18.71 
v c = -11.29 


(. b ) Using a scientific calculator, 


-1 


1 1 1 

2 3 

2 0 4 
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3. 

(a) We begin by simplifying the equations prior to solution: 

4 = 0.08vj - 0.05 v 2 - 0.02v 3 
8 = -0.02vj - 0.025 v 2 + 0.045v 3 
-2 = -0.05V! + 0.1 15v 2 - 0.025v 3 

Then, we can solve the matrix equation: 


"0.08 

-0.05 

-0.02 " 

v > 


' 4 ' 

-0.02 

-0.025 

0.045 

V 2 

= 

8 

-0.05 

0.115 

-0.025 

_ V 3_ 


-2 


to 


vi = 264.3 V, v 2 = 183.9 V and v 3 = 397.4 V. 


(b) We may solve the matrix equation directly using MATLAB, but a be tter check is to 
invoke the symbolic processor: 


> el = '4 = vl/100 + (vl - v2)/20 + (vl - vx)/50'; 

> e2 = TO - 4 - (-2) = (vx - vl)/50 + (vx - v2)/40’; 

> e3 = '-2 = v2/25 + (v2 - vx)/40 + (v2 - vl)/20’; 
» a = solve(el,e2,e3,'vr,'v2','vx'); 

» a.vl 


ans = 


82200/311 
» a.v2 


ans = 


57200/311 
» a.vx 


ans = 


123600/311 
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4. We select the bottom node as our reference terminal and define two nodal voltages: 



Ref. 


Next, we write the two required nodal equations: 


Node 1: 1 = — + ——— 

2 3 


Node 2: 


_3 = Zl + ^ 

1 3 


Which may be simplified to: 
and 


Solving, we find that 


vi = 333.3 mV. 


5vi - 2v 2 = 6 
-vi + 4 v2 = -9 
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5. 

node, 


We begin by selecting the bottom node as the reference term inal, and defining 
two nodal voltages V a and V b, as shown. (Note if we cho ose the upp er right 
v\ becomes a nodal voltage and falls directly out of the solution.) 



-6 A 


Ref. 


We note that after completing nodal analysis, we can find Vi as Vi = V A - Vb- 

[ 1 ] 


V V -V 

At node A: 4 = ——--- 

10 5 


V V -V 

At node B: -(-6) = -^- + -5— [2\ 
8 5 


3V a - 2 V b = 40 [1] 

-8V a + 13V b = 240 [2] 


Simplifying, 

Solving, V A = 43.48 V and Vb = 45.22 V, so 


vi =-1.740 V. 
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6 . 


By inspection, no current flows through the 2 Q resistor, so i\ = 0. 


We next designate the bottom node as the reference tenninal, and define V a and 
Vb as shown: 

A 


3 ft 



Ref. 


V V -V 

At node A: 2 = ^- + —-— [1] 

3 1 

y v y -V 

At node B: -2 = —5- h—— h— 5 -A. 

6 6 1 


2 ] 


obtain 


Note this y ields Va and V b, not vi, due to our choice of reference node. So, we 
V! by KVL: v, = V A - V B . 


Simplifying Eqs. [1] and [2], 


-3V 


4Va-3Vb = 6 
a + 4V b = -6 


[ 1 ] 

[ 2 ] 


Solving, V A = 0.8571 V and V B = -0.8571 V, so 


vi = 1.714 V. 
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The bottom node has the largest number of branch connections, so we choose that as 
our reference node. This also m akes vp easier to find, as it will be a nodal voltag e. 
Working from left to right, we name our nodes 1, P, 2, and 3. 


NODE 1: 
NODE P: 
NODE 2: 
NODE 3: 
Simplifying, 


10 = vi/20 +(vi —v P )/40 [1] 

0 = (vp - vi)/ 40 + vp/ 100 + (vp - V 2 )/ 50 [2] 
-2.5+2 = (v 2 — Vp)/ 50 + (v 2 — V3)/ 10 [3] 

5-2 = V 3 / 2 OO + (v 3 -v 2 )/10 [4] 


60vi - 20 vp 

= 8000 

[ 1 ] 

50 vi + 110 vp - 40v2 

= 0 

[ 2 ] 

- v P + 6 V 2 - 5v 3 

= -25 

[3] 

-200v2 + 210v3 

= 6000 

[4] 


Solving, 


v P = 171.6 V 


PROPRIETARY MATERIAL . © 2007 Th e McGraw-Hill Companies, Inc. Lim ited distr ibution perm itted onl y to 
teachers and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 



www.elsolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Four Solutions 10 March 2006 


8. The logical choice for a reference node is the bottom node, as then v x will 
automatically become a nodal voltage. 


NODE 1: 4 = vi/ 100 + (vi - v 2 )/ 20 + (v { - v x )/ 50 

NODEx: 10-4-(-2) = (v x -vi)/50 + (v x -v 2 )/40 

NODE 2: -2 = v 2 /25 + (v 2 -v x )/40 +(v 2 -v 1 )/20 

Simplifying, 


Solving, 


4 = 0.0800vi - 0.0500 v 2 - 0.0200v x [1] 

8 = -0.0200V! - 0.02500v 2 + 0.04500v x [2] 
-2 =-0.0500vi + 0.1150v 2 - 0.02500v x [3] 


v x = 397.4 V. 


[ 1 ] 

[ 2 ] 

[ 3 ] 
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9. Designate the node between the 3-Q and 6-Q resistors as node X, and the right-hand 
node of the 6-Q resistor as node Y. The bottom node is chosen as the reference node. 


(a) Writing the two nodal equations, then 

NODEX: -10 = (v x -240)/3 + (v x -v Y )/6 [1] 

NODE Y: 0 = (v Y - v x )/ 6 + v Y / 30 + (v Y - 60)/ 12 [2] 

Simplifying, -180 + 1440 = 9 v x - 3 v Y [1] 

10800 = - 360 v x + 612 v Y [2] 


Solving, 

Thus, 

(b) 


v\ =240-v x 


v x = 181.5 V and v Y = 124.4 V 

and V 2 = v Y — 60 


58.50 V 


The power absorbed by the 6-Q resistor is 


(v x - v Y ) / 6 


543.4 W 


64.40 V 
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10. Only one nodal equation is required: At the node where three resistors join, 

0.02v! = (v x -5 i 2 ) / 45 +(v x - 100) / 30 +(v x -0.2 v 3 ) / 50 [1] 

This, however, is one equation in four unknow ns, the other three resulting from the 
presence of the dependent sources. Thus, we require three additional equations: 


h = ( 0.2 V 3 

- v x ) / 50 

[2] 


vi = 0.2 V 3 

- 100 

[3] 


V 3 = 50/2 

[4] 



Simplifying, 




Vl 

- 0 . 2 v 3 

= -100 

[3] 


- v 3 

+ 50 ii = 0 

[4] 

-V x 

+ 0 . 2 v 3 

- 50 i-i = 0 

[2] 

0.07556v x -0.02vi- 

- 0.004V3 - 

0.111/2 = 33.33 

[ 1 ] 


Solving, we find that 


vi 


-103..8 V 


and 


12 


-377.4 mA. 
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11. If vi = 0, the dependent source is a short circuit and we may redraw the circuit as: 

4A 6A 



V2 


At NODE 1: 4 - 6 = vi/40 + Oh-96)/20 + Oh - V 2 )/ 10 

Since v\ = 0, this simplifies to 

-2 = -96/20 - V 2 / 10 

so that V 2 = -28 V. 
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12. We choose the bottom node as ground to make calculation of z 5 easier. The left-most 
node is named “1”, the top node is nam ed “2”, the central node is nam ed “3” and the 
node between the 4-Q and 6-Q resistors is named “4.” 


NODE 1 
NODE 2 
NODE 3 
NODE 4 


-3 = v 1 /2 + (v i -v 2 )/1 [1] 

2 = (v 2 - Vi)/ 1 + (v 2 - v 3 )/ 3 + (v 2 - v 4 )/ 4 [2] 

3 = v 3 / 5 + (v 3 - v 4 )/ 7 + (v 3 - v 2 )/ 3 [3] 

0 = v 4 / 6 + (v 4 - v 3 )/ 7 + (v 4 - v 2 )/ 4 [4] 


-12 


Rearranging 

and grouping terms, 


3vi - 2 v 2 

= 

-6 

[1] 

vi + 19v 2 

- 4v 3 - 3v 4 

= 24 

[2] 

-35v 2 

+ 71v 3 - 15v 4 = 

315 

[3] 

-42v 2 

- 24v 3 + 94v 4 = 

0 

[4] 

Solving, we 

find that v 3 = 6.760 V and so 


i s =v 3 / 5 = 1.352 A. 
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13. We can redraw this circuit and eliminate the 2.2-kQ resistor as no current flows 
through it: 



At NODE 2: 7xl0' 3 - 5xl0' 3 = (v 2 + 9)1 470 + (v 2 - v x )/ lOxlO' 3 [1] 

AtNODEx: 5 X 10 ' 3 - 0.2vi = (v x -v 2 )/ 10xl0 3 [2] 

The additional equation required by the presence of the dependent source and the fact 
that its controlling variable is not one of the nodal voltages: 

Vi = V 2 -v x [3] 


Eliminating the variable vl and grouping terms, we obtain: 

10,470 vo - 470 v x = -89,518 
1999 v 2 - 1999 v x = 50 
Solving, we find v x = -8.086 V. 


and 
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14. We need concern ourselves with the bottom part of this circuit only. W riting a single 
nodal equation, 


-4 + 2 

= v/ 50 

We find that v = -100 V. 
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15. We choose the bottom node as the reference terminal. Then: 


Node 1: 



[ 1 ] 


Node 2: 

Node 3: 

Node 4: 

Node 5: 

Node 6: 

Node 7: 

Node 8: 


4 _ V 2 “ V l , , V 2~ V 4 


- + —-- + - 

1 2 4 


Vo — Vo Vo Vo — Va 

2 = ^^ + lL + l^± [3] 

2 5 10 


0 = + [4] 
6 10 4 


-1 = —+ Vs V? 


2 1 


1 = ^ + Z6ZZL + V 6-V 8 


5 2 10 


[ 6 ] 


2 = V 7- V 5 , V 7 -V 6 _ V 7 -V g 


-+-2-*-+■ 

1 2 4 


- Vo v 8 -v, V„-V 7 

0 = - ? - + - 1 -*- + -*- n - [8] 

6 10 4 


[5] 


[7] 


Note that Eqs. [1-4] may be solved independently of Eqs. [5-8]. 
Sim plifying, 


3v, 

~ 2V 2 



= -4 

[1] 

v, =3.370 V 

-4vj 

+7v 2 

-2v 3 

~ V 4 

= 16 

[2] 

to yield 

v 2 = 7.055 V 


-5v 2 

+8v 3 

~ V 4 

= 20 

[3] 

v 3 =7.518 V 


-15v 2 

-6v 3 

+31v 4 

= 0 

[4] 

v 4 =4.869 V 


3v s 


-2v 7 


= -2 

[5] 

v 5 = 1.685 V 


> 

OC 

1 

L/i 

-■j 

~ V 8 

= 10 

[6] t • m 
to yield 

v 6 =3.759 V 

-4v 5 

-2v 6 

+7v 7 

-v 8 

= 8 

[7] 

v 7 =3.527 V 


-6v 6 

-15v 7 

+3 lv g 

= 0 

[8] 

Vg = 2.434 V 
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16. We choose the center node for our common terminal, since it connects to the largest 
number of branches. W e name the left node “A”, the top node “B”, the right node 
“C”, and the bottom node “D”. We next form a supemode between nodes A and B. 

At the supernode: 5 = (V A - V D )/ 10 + V A / 20 + (V B - Vc)/12.5 [1] 

At node C: Vc = 150 [2] 

At node D: -10 = V D /25 + (V D - V A )/10 [3] 

Our supernode-related equation is V B -V A = 100 [4] 

Simplifiying and grouping terms, 

0.15 V A + 0.08 V B - 0.08 V c -0.1 V D =5 [1] 

V c =150 [2] 

-25 V A + 35 V D = -2500 [3] 

-V A + V B = 100 [4] 

Solving, we find that Vd = -63.06 V. Since v 4 = - Vd, 

= 63.06 V. 
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17. Choosing the bottom node as the reference terminal and naming the left node “1”, the 
center node “2” and the right node “3”, we next form a supernode about nodes 1 and 
2 , encompassing the dependent voltage source. 

At the supernode, 5-8 = (vi-v 2 )/2 + V3/ 2.5 [1] 

At node 2, 8 = v 2 / 5 + (v 2 - vi)/ 2 [2] 


Our supemode equation is vi - V 3 = 0.8 v A [3] 

Since v A = v 2 , we can rewrite [3] as v\ - V 3 = 0.8v 2 

Simplifying and collecting terms, 

0.5 vi - 0.5 v 2 + 0.4 V 3 = -3 [1] 

-0.5 vj + 0.7 v 2 = 8 [2] 

v\ - 0.8 v 2 - V 3 =0 [3] 


(a) Solving for v 2 = v A , we find that 


v A = 25.91 V 


(. b ) The power absorbed by the 2.5-Q resistor is 
(v 3 ) 2 / 2.5 = (-0.4546) 2 / 2.5 


= 82.66 mW. 
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18. Selecting the bottom node as the reference terminal, we name the left node “1”, the 
middle node “2” and the right node “3.” 


NODE 1: 5 = (vi-v 2 )/20 + (vi - v 3 )/50 [1] 

NODE 2: v 2 = 0.4 vi [2] 

NODE 3: 0.01 Vl = (v 3 - v 2 )/ 30 + (v 3 - vi)/ 50 [3] 

Simplifying and collecting terms, we obtain 

0.07 vi - 0.05 v 2 - 0.02 v 3 =5 [1] 

0.4 vi — v 2 = 0 [2] 

-0.03 vi-0.03333 v 2 + 0.05333 v 3 = 0 [3] 


Since our choice of r eference ter minal m akes the contr oiling var iable of both 
dependent sources a nodal voltage, we have no need for an additional equation as we 
might have expected. 


Solving, we find that 


vi = 148.2 V, 


v 2 = 59.26 V, and v 3 = 120.4 V. 


The power supplied by the dependent current source is therefore 


(0.01 vi) • v 3 


177.4 W. 
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19. 


14 

-2k 


At node x: v x / 4 + (v x —v y )/2 + (v x -6)/l =0 [1] 

At node y: (v y - kv x )/ 3 + (v y - v x )/ 2 = 2 [2] 

Our additional constraint is that v y = 0, so we may simplify Eqs. [1] and [2]: 


v x 

v x 


48 [1] 

3v x = 12 [2] 


Since Eq. [1] yields v x = 48/14 = 3.429 V, we find that 
k = (12 + 3 v x )/(-2v x ) = -3.250 
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20. Choosing the bottom node joining the 4-Q resistor, the 2-A current sourcee and the 

4-V voltage source as our reference node, we next nam e the other node of the 4- Q 
resistor node “1”, and the node joining the 2- Q resistor and t he 2-A current source 


node “2.” Finally, we create 

a supernode with nodes “1” 

and “2. 

At the supernode: 

-2 = Vl /4 + (v 2 -4)/2 

[1] 

Our remaining equations: 

vi — V2 = -3 - 0.5zi 

[2] 

and 

h = (v 2 — 4)/ 2 

[3] 

Equation [1] simplifies to 

vi + 2 V 2 =0 [1] 



Combining Eqs. [2] and [3, 4 vi - 3 V 2 = -8 [4] 


Solving these last two equations, we find that V 2 
we therefore find that 


h = - 1.636 A. 


727.3 mV. Making use of Eq. [3], 
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21. We first number the nodes as 1,2, 3, 4, and 5 moving left to right. We next select 

node 5 as the reference terminal. To simplify the analysis, we form a supernode from 
nodes 1, 2, and 3. 

At the supernode, 

-4-8 + 6 = v\t 40 + (vi - V 3 )/ 10 + (V 3 - v\ )/ 10 + V 2 / 50 + (V 3 - V 4 )/ 20 [1] 

Note that since both ends of the 10- Q resistor are connected to the supemode, the 
related terms cancel each other out, and so could have been ignored. 

At node 4\ V 4 = 200 [2] 

Supernode KVL equation : vi — V 3 = 400 + 4 v 2 o [3] 

Where the controlling voltage V 20 = V 3 - v 4 = V 3 - 200 [4] 

Thus, Eq. [1] becomes -6 = v\l 40 + vd 50 + (V 3 - 200)/ 20 or, more simply, 

4 =vi/40 +v 2 /50 +V 3 / 2 O [1’] 

and Eq. [3] becomes vi- 5 v 3 = -400 [3’] 

Eqs. [1’], [3’], and [5] are not sufficient, however, as we have four unknowns. At this 
point we need to seek an additional equation, possibly in terms of V 2 . Referring to the 
circuit, 

vi -v 2 = 400 [5] 

Rewriting as a matrix equation, 


X 0 

Xo 

1 

O 

\CN 




4' 

1 

0 

-5 


V 2 

= 

-400 

1 

-1 

0 


_ V 3_ 


400 


Solving, we find that 

vi = 145.5 V, v 2 = -254.5 V, and v 3 = 109.1 V. Since v 2 o = V 3 - 200, we find that 


V 20 — 90.9 V. 
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We begin by naming the top left node “1”, the top right node “2”, the bottom node of 
the 6-V source “3” and the top node of the 2- Q resistor “4.” Th e reference node has 
already been selected, and designated using a ground symbol. 


By inspection, V 2 = 5 V. 


Forming a supemode with nodes 1 & 3, we find 
At the supernode: -2 = V3/1 + (vi - 5)/10 

At node 4: 2 = v 4 / 2 + (v 4 - 5)/ 4 

Our supemode KVL equation: vi - v 3 = 6 

Rearranging, simplifying and collecting terms, 

vi + 10 v 3 = -20 +5 = -15 [1] 

and 

vi - v 3 = 6 [2] 

Eq. [3] may be directly solved to obtain 
Solving Eqs. [1] and [2], we find that 


v 4 = 4.333 V. 


Vl 


4.091 V 


and 


v 3 


-1.909 V. 


[ 1 ] 

[ 2 ] 

[3] 
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23. We begin by selecting the bottom node as the reference, naming the nodes as shown 
below, and forming a supernode with nodes 5 & 6. 



By inspection, v 4 = 4 V. 

By KVL, V 3 -V 4 = 1 so V 3 = -1 + v 4 = -1 + 4 or 
At the supernode, 2 = vj 1 + (v 5 -4)/2 [1] 

At node 1, 4 = v\l 3 therefore, vi 

At node 2, -4 - 2 = (v 2 - 3)/ 4 

Solving, we find that v 2 = -21 V 

Our supemode KVL equation is v 5 - v 6 = 3 [2] 

Solving Eqs. [1] and [2], we find that 

v 5 = 4.667 V and v 6 = 1.667 V. 
The power supplied by the 2-A source therefore is (v 6 - v 2 )(2) 


V 3 = 3 V. 


= 12 V. 


45.33 W. 
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24. 


We begin by selecting the bottom node as the reference, naming each node as shown 
below, and forming two different supemodes as indicated. 



Voltages in 
volts. 

Currents in 
amperes. 
Resistances 
in ohms. 


By inspection, vi = 4 V and vi = (3)(4) = 12 V. 

At node 2: -4 — 2 = (V 2 — V 3 )/ 4 or V 2 -V 3 = -24 

At the 3-4 supernode: 

0 = (v 3 - V 2 )/ 4 + (V 4 - V 5 )/ 6 or - 6 V 2 + 6 v 3 + 4 v 4 - 4vs = 0 

At node 5: 


0 = (V 5 — V 4 )/ 6 + (v 5 -4)/7 + (v 5 - v 6 )/ 2 or -14v 4 + 68 v 5 - 42v6 = 48 

At the 6-8 supernode: 2 = (v 6 - v 5 )/ 2 + vg/ 1 or -v 5 + ve + 2v 8 = 4 

3-4 supernode KVL equation: v 3 - V 4 = -1 [5] 

6-8 supernode KVL equation: v 6 - v 8 = 3 [ 6 ] 

Rewriting Eqs. [1] to [ 6 ] in matrix form, 


[ 1 ] 

[ 2 ] 

[3] 

[4] 


“l 

-1 

0 

0 

0 

O' 


V 2 


'- 24' 

-6 

6 

4 

-4 

0 

0 


V 3 


0 

0 

0 -14 

68 

-42 

0 


V 4 


48 

0 

0 

0 

-1 

1 

2 


V 5 


4 

0 

1 

-1 

0 

0 

0 


V 6 


-1 

0 

0 

0 

0 

1 

-1 


3_ 


3_ 


Solving, we find that 

v 2 = -68.9 V, v 3 = -44.9 V, v 4 = -43.9 V, v 5 = -7.9 V, v 6 = 700 mV, v 8 = -2.3 V. 


The power generated by the 2-A source is therefore (vg - v 6 )(2) 


133.2 W. 
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25. With the reference terminal already specified, we name the bottom terminal of the 

3-mA source node “1,” the left tenn inal of the bottom 2.2-kQ resistor node “2,” the 
top term inal of the 3-mA source node “3,” the “+” reference term inal of the 9-V 
source node “4,” and the terminal of the 9-V source node “5.” 


Since we kn ow that 1 mA flows through the top 2.2-kQ resistor, v 5 = -2.2 V. 
Also, we see that V 4 - v 5 = 9, so that V 4 = 9-2.2 = 6.8 V. 

Proceeding with nodal analysis, 

At node 1: -3xl0 ' 3 = vj 10xl0 3 + (vi - v 2 )/ 2.2xl0 3 [1] 

At node 2: 0 = (v 2 -vi)/2.2x10 3 + (v 2 - v 3 )/ 4 . 7 x 1 0 3 [2] 

At node 3: Ixl0 3 + 3xl0 3 = (v 3 - v 2 )/ 4.7x10 3 + v 3 /3.3xl0 3 [3] 


Solving, 


Vl 


-8.614 V,v 2 = -3.909 V and v 3 = 6.143 V. 


Note that we could also have made use of the supernode approach here. 
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26. 


Mesh 1:-4 + 400z'i + 300z'i - 300/ 2 - 1 = 0 or 700 /1 - 300z 2 = 5 
Mesh 2: 1 + 500z 2 - 3000 +2-2 = 0 or -3000 + 500z 2 = -3.2 


Solving, 


i\ = 5.923 mA and h = -2.846 mA. 
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27. (a) Define a clockwise m esh current i\ in th e lef t-most m esh; a clockw ise m esh 

curren t h in the central m esh, and note that i y can be used as a m esh current for the 
rem aining mesh. 

Mesh 1: -10 + 7i'i - 2h = 0 
Mesh 2: -2z'i + 5 h = 0 

Mesh v: -2 i 2 + 9/ v = 0 

Solve the resulting matrix equation: 


' 7 

-2 

0 " 

h 


"10" 

-2 

5 

0 

4 

= 

0 

0 

-2 

9 

Jy_ 


0 


to find that i\ = 1.613 A, and 


i y = 143.4 mA. 


(b) The power supplied by the 10 V source is (10)(0) = 10(1.613) 


16.13 W. 
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28. Define three mesh currents as shown: 



(a) The current through the 2 Q resistor is z'i. 


Mesh 1: 5z'i - 3/2 = 0 
Mesh 2: —212+ 8 / 2 -3z'i = 0 
Mesh 3: 8/3 - 5/2 + 122 = 0 


or 5 /'i- 3/2 = 0 

or-3/i+ 8/2 = 212 

or — 5/2 + 8/3 = -122 


Solving, 


z'i = 20.52 A, z '2 = 34.19 A and z '3 = 6.121 A. 


(b) The current through the 5 Q resistor is z' 3 , 


6.121 A. 


*** Note: since the problem statement did not specify a directi on, only the current 
magnitude is relevant, and its sign is arbitrary. 


PROPRIETARY MATERIAL . © 2007 Th e McGraw-Hill Companies, Inc. Lim ited distr ibution perm itted onl y to 
teachers and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 
















www.elsolucionario.net 


Engineering Circuit Analysis, 7 th Edition 


Chapter Four Solutions 


10 March 2006 


29. We begin by defining three clockwise m esh currents i\, h and h in the let t-most, 
central, and right-most meshes, respectively. Then, 


(a) 


Mesh 

-125 

Thus, 


Note that z x = h - h. 

Mesh 1: z) = 5 A (by inspection) 

Mesh 3 :13 = -2 A (by inspection) 

2 : —25 /1 + 75 / 2 - 20/3 = 0 , or, making use of the above, 

+ 75 i 2 + 40=0 so that z '2 = 1.133 A. 


/x = z 2 - h = 1.133- (-2) = 3.133 A. 


(b) The power absorbed by the 25 Q resistor is 

\2 


P 2 5n = 25 {h-hY = 25 (5-1.133)' 


373.8 W. 


PROPRIETARY MATERIAL . © 2007 Th e McGraw-Hill Companies, Inc. Lim ited distr ibution perm itted onl y to 
teachers and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 




www.elsolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Four Solutions 


30. Define three mesh currents as shown. Then, 


ion 



Mesh 1: -2 + 80 /1 - 40/2 - 30/3 = 0 

Mesh 2: —MOz i + 70/2 = 0 

Mesh 3: —30 /1 + 70/3 = 0 



' 80 

-40 

-30 

h 


' 2 ' 

Solving, 

-40 

70 

0 

h 

= 

0 


-30 

0 

70 

_h_ 


0 


we find that h = 25.81 mA and h = 19.35 inA. Thus, / = h - h 


10 March 2006 


= -6.46 mA. 
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31. Moving from left to right, we name the bottom three meshes, mesh “1”, mesh “2,” 

and mesh “3.” In each of these th ree meshes we define a clockwise current. The 
remaining mesh current is clearly 8 A. We may then write: 

MESH 1: 12ii -4 i 2 = 100 

MESH 2: -4 /, + 9 i 2 - 3 h = 0 

MESH 3: -3 i 2 + 18 / 3 = -80 


Solving this system of three (independent) equations in three unknowns, we find that 

ii = = 2.791 A. 
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32. We define four clockwise mesh currents. The top mesh current is labeled U. The 

bottom left mesh current is labeled i\, the bottom right mesh current is labeled h, and 
the remaining mesh current is labeled h. Define a voltage “v 4 a” across the 4-A current 
source with the “+” reference terminal on the left. 


By inspection, i 3 = 5 A and z' a = U. 


MESH 1 : 

-60 + 2z'i - 2/4 + 6/4 = 0 

or 

2 h 

0 

SO 

II 

FF 

+ 

[1] 

MESH 2 : 

-6/4 + V4A + 4/2 — 4 ( 5 ) = 0 

or 


4 Z 2 - 6/4 + V4A = 20 

[2] 

MESH 4 : 

2/4 - 2 z'i + 5/4 + 3/4 - 3 ( 5 ) - v 4A = 0 

or 

-2 h 

10 

11 

< 

0 

+ 

[3] 


At this point, we are short an equation. Returning to the circuit diagram, we note that 

h —14 = 4 [4] 

Collecting these equations and writing in matrix form, we have 


1 

O 

O 

(N 

i_ 


h 


"60" 

0 4-61 


h 


20 

-2 0 10 -1 


*4 


15 

0 ! 0 


_ V 4A_ 


4 


Solving, i\ = 16.83 A, i 2 = 10.58 A, z 4 = 6.583 A and v 4A = 17.17 V. 
Thus, the power dissipated by the 2-Q resistor is 


(z i - z 4 ) 2 • (2) = 


210.0 W 


PROPRIETARY MATERIAL . © 2007 Th e McGraw-Hill Companies, Inc. Lim ited distr ibution perm itted onl y to 
teachers and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 










www.elsolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Four Solutions 10 March 2006 


33. We begin our analysis by defining three clockwise mesh currents. We will call the top 
mesh current z 3 , the bottom left mesh current z'i, and the bottom right mesh current ij. 

By inspection, z'i = 5 A [1] and h = -0.01 vi [2] 

MESH 3: 50 z 3 + 30 z 3 - 30 h + 20 h - 20 z, = 0 

or -20 z'i - 30 h + 100 z ' 3 = 0 [3] 

These three equations are insufficient, how ever, to solve for the unknow ns. It would 
be nice to be able to express the dependent source controlling variable vi in terms of 
the mesh currents. Returning to the diagra m, it can be seen that KVL around m esh 1 
will yield 

- vi + 20 z'i - 20 z 3 + 0.4 vi = 0 

or vi = 20 hi 0.6 - 20 z 3 / 0.6 or vi = (20(5)/ 0.6 - 20 z 3 / 0.6 [4] 

Substituting Eq. [4] into Eq. [2] and then the modified Eq. [2] into Eq. [3], we find 
-20(5) - 30(-0.01)(20)(5)/0.6 + 30(-0.01)(20) z 3 / 0.6 + 100 z 3 = 0 


Solving, we find that z 3 = (100-50)/90 = 555.6 mA 


Thus, Vi= 148.1 V, 
source is 


h = -1.481 A, and the power generated by the dependent voltage 


0.4 vi (z '2 — z'i) 


-383.9 W. 
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34. We begin by defining four clockwise mesh currents z'i, z 2 , h and z 4 , in the meshes of 

our circuit, starting at the left-m ostmesh. W e also define a voltage Vd ep across the 
dependent current source, with the “+” on the top. 


By inspection, i\ = 2A and z ' 4 = -5 A. 

At Mesh 2: 10 i 2 - 10(2) + 20 h + Vd ep = 0 [1] 

At Mesh 3: - Vde P + 25 z '3 + 5 z '3 -5(-5) = 0 [2] 

Collecting terms, we rewrite Eqs. [1] and [2] as 
30 z 2 + v dep = 20 [1] 

30 h - Vdep = -25 [2] 

This is only two equations but three unknowns , however, so we require an additional 
equation. Returning to the circuit diagram , we note that it is pos sible to express th e 
current of the dependent sour ce in terms of mesh currents. (W e might also choose to 
obtain an expression for Vd ep in terms of mesh currents using KVL around m esh 2 or 
3.) 


Thus, 1.5z' x = z '3 -h 
In matrix form, 


where z' x = i\ - z '2 so 


1 

1 

1 ^_ 


h 

1 

1 

t 

_1 


30 

0 

0 

30 

-0.5 

-1 


-0.5 z '2 - z '3 = -3 [3] 

' 20 " 

-25 

-3 


z'x = z'l - z '2 = 8.333 A. 


Solving, we find that z 2 = -6.333 A so that 
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35. We define a clockwise mesh current 4 in the bottom left mesh, a clockwise mesh 

current 4 in the top left mesh, a clockwise mesh current 4 in the top right mesh, and a 
clockwise mesh current 4 in the bottom right mesh. 


MESH 1: 

-0.1 v a + 4700 i i - 4700 4 + 4700 4 - 

4700 4 = 0 

[1] 

MESH 2: 

9400 h - 4700 4-9 = 0 


[2] 

MESH 3: 

9 + 9400 4 — 4700 4 = 

0 

[3] 

MESH 4: 

9400 4 - 4700 4 - 4700 4 + 0.1 4 = 

0 

[4] 


The presen ce of the two de pendent sources has led to the in troduction of tw o 
additional unknowns (4 and v a ) besides our four mesh currents. In a perfect world, it 
would simplify the solution if we could e xpress these tw o quantities in term s of the 
mesh currents. 

Referring to the circuit diagram, we see that 4 = 4 (easy enough) and that 

v a = 4700 4 (also straightforward). Thus, subs tituting these express ions into our 

four mesh equations and creating a matrix equation, we arrive at: 


9400 -4700 -470 -4700“ 


h 


' 0“ 

.4700 9400 0 0 


4 


9 

0 0 9400 -4700 


4 


-9 

.4700 0.1 -4700 9400 _ 


.4. 


0 


Solving, 

4 = 239.3 pA, 4 = 1.077 mA, 4 = -1.197 niA and 4 = -478.8 pA. 
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36. We define a clockwise mesh current z '3 in the upper right mesh, a clockwise mesh 

current z'i in the lower left m esh, and a clockwise m esh current h in th e lower right 
mesh. 


MESH 1: 

-6 + 6 z'i - 2 = 0 

[ 1 ] 

MESH 2: 

2+ 15 h- 12*3-1.5 = 0 

[ 2 ] 

MESH 3: 

h = 0.1 v x [3] 


Eq. [1] may be solved directly to obtain 

z'i = 1.333 A. 


It would help in the solution of Eqs. [2] and [3] if we could express the dependent 
source controlling variable v x in term s of m esh curren ts. Referring to the circuit 
diagram, we see that v x = (1)( z'i) = z'i, so Eq. [3] reduces to 



PROPRIETARY MATERIAL . © 2007 Th e McGraw-Hill Companies, Inc. Lim ited distr ibution perm itted onl y to 
teachers and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 





www.elsolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Four Solutions 10 March 2006 


37. (a) Define a mesh current z 2 in the second mesh. Then KYL allows us to write: 


MESH 1: 

-9 + R i\ + 47000 i\ - 47000 z 2 = 0 

[1] 

MESH 2: 

67000 i 2 - 47000 z) - 5 = 0 

[2] 


Given that z) = 1.5 mA, we may solve Eq. [2] to find that 


5 + 47(1.5) 
67 


mA = 1.127 mA 


and 


so 


R = 


9-47(1.5) + 47(1.127) 
1.5 x 10' 3 


-5687 Q. 


(b) 


This value of R is unique; no other value will satisfy both Eqs. [1] and [2], 
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38. Define three clockwise mesh currents i\, i 2 and z 3 . The bottom 1-kQ resistor can be 
ignored, as no current flows through it. 

MESH 1: -4 + (2700 + 1000 + 5000) h - 1000 i 2 = 0 [1] 

MESH 2: (1000 + 1000 + 4400 + 3000) i 2 - 1000 /, - 4400 z 3 + 2.2-3 = 0 [2] 

MESH 3: (4400 + 4000 + 3000) h - 4400 i 2 - 1.5 = 0 [3] 

Combining terms, 

8700 h ~ 1000 i 2 = 4 [1] 

-1000 h + 9400 i 2 -4400 h = 0.8 [2] 

_ 4400 i 2 + 11400 h = 1-5 [3] 

Solving, 

i\ = 487.6 jllA, i 2 = 242.4 pA and z 3 = 225.1 |uA. 

The power absorbed by each resistor may now be calculated: 


P 5k = 5000 (hf = 

1.189 mW 

P 2 .7k = 2700 (h f = 

641.9 pW 

Plktop = 1000 (z'l - /2 ) 2 = 

60.12 pW 

P lkmiddle = 1000 (iiY = 

58.76 pW 

P lkbottom ~' 0 — 

0 

?4.4k = 4400 (i 2 - i 2 f = 

1.317 pW 

P3kto P = 3000 (hY = 

152.0 pW 

P 4k = 4000 (z 3 ) 2 = 

202.7 pW 

P 3kbottom = 3000 (i 2 f = 

176.3 pW 


Check: The sources supply a total of 

4(487.6) + (3 - 2.2)(242.4) + 1.5(225.1) = 2482 pW. 
The absorbed powers add to 2482 pW. 
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39. 


(a) We begin by naming four mesh currents as depicted below: 



Proceeding with mesh analysis, then, keeping in mind that I x = -z' 4 , 


MESH 1: (4700 + 300) h - 4700 h = 0 [1] 

MESH 2: (4700 + 1700) h - 4700 h - 1700 h = 0 [2] 

Since we have a current source on the perimeter of mesh 3, we do not require a KVL 
equation for that mesh. Instead, we may simply write 

h = -0.03 v n [3n] where v n = 4700(0-z’ 2 ) [36] 

MESH 4: 3000 i 4 - 3000 0+1 =0 [4] 


Simplifying and combining Eqs. 3 a and 36, 


5000 h ~ 4700 h = 0 

-4700 h + 6400 h - 1700 0 = 0 

-141 0 + 141 0 - 0 = 

— 3000 0 + 3000 0 = — 1 


Solving, we find that 0 = -333.3 mA, so 


I x — 333.3 p,A. 


(b) At node “ 71 ” : 0.03 v n = v n / 300 + v n / 4700 + v K /1700 


Solving, we find that v K = 0, therefore no current flows through the dependent source. 


Hence, 


I x = 333.3 pA as found in part (a). 


(c) | V s / I x has units of resistance. It can be 
voltage source V s .... more on this in Chap. 


t hought of as the resistance “seen” by the 
5.... 
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40. We begin by naming each mesh and the three undefined voltage sources as shown 
below: y 



MESH 1: -V z + 9/i - 2 i 2 - 7z 4 = 0 

MESH 2: -2/, + 7z 2 -5z 3 = 0 

MESH 3: V x - 5z 2 + 8/3 - 3 / 4 = 0 

MESH 4: V y - 7/, - 3z 3 + 10z 4 = 0 

Rearranging and setting i\ - /' 2 = 0, z 2 - h = 0, /1 - / 4 = 0 and z 4 - z ' 3 = 0, 

9/i - 2 /' 2 -7 /' 4 = V z 

-2/’i + 7 / 2 - 5/ 3 = 0 

-5z 2 + 8/ 3 — 3/ 4 = - V x 
-7/’i -3 / 3 + 10z 4 = - Vy 

these equations produce: 

0 
0 
0 
0 


This is a unique solution. Therefore, 
the request that nonzero values be 
found cannot be satisfied. 


Since h = h = h = U, 

V z = 

0 = 

-V x = 

-Vy = 
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41. The “supermesh” concept is not required (or helpful) in solving this problem, as there 
are no current sources s hared between meshes. Starting with the left-most m esh and 
moving right, we define four clockwise m esh currents i\, i 2 , h and i 4 . By inspection, 
we see that i\ = 2 mA. 


MESH 2: -10 + 5000z 2 + 4 + 1000 / 3 = 

0 

[ 1 ] 

MESH 3: -1000z 3 + 6 + 10,000- 10,000z 4 = 0 

[ 2 ] 

MESH 4: i 4 = -0.5i 2 


[3] 

Reorganising, we find 



5000 h + 1000 z '3 = 6 

[ 1 ] 


9000 13 - 10,000 U = -6 

[ 2 ] 


0.5 h + 14=0 

[3] 



We could either subtitute Eq. [3] into Eq. [2] to reduce the number of equations, or 
simply go ahead and solve the system of Eqs. [1-3]. Either way, we find that 

z'i = 2 mA, i 2 =1.5 mA, f = -1.5 mA and i 4 = -0.75 mA. 

The power generated by each source is: 


P 2 mA 

II 

O 

O 

1 

= 5mW 

P 4 v 

= 4 (-z 2 ) 

= -6 111 W 

P 6V 

= 6 (-13) 

= 9 mW 

P depV — 

1000 i 3 (13 - z 2 ) 

= 4.5 mW 

P dep/ — 

10,000(i3 - z 4 )(0.5 i 2 ) 

= -5.625 mW 
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42. This circuit does not require the supermesh technique, as it does not contain any 

current sources. Redrawing the circuit so its planar nature and m esh structure are 
clear, 



MESH 1: 

-20 + z'i — z '2 + 2.5 z'a = 0 

[ 1 ] 

MESH 

2 : 

2/2 + 3 z '2 + z '2 — 3 z '3 — z'i = 0 

[ 2 ] 

MESH 

3: 

-2.5 z'a + 7 z '3 - 3 z '2 = 0 

[3] 


Combining terms and making use of the fact that z'a = - h . 


z'i- z 2 -2.5 z 3 

= 20 

[ 1 ] 

z 1 + 6/2 - 3 z '3 

= 0 

[ 2 ] 

—3 z '2 + 9.5 z '3 

= 0 

[3] 


Solving, h = 30.97 A, z'2 = 6.129 A, and h = 1.936 A. Since z'a = -z’3, 

z' A = -1.936 A. 
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43. Define four mesh currents 


‘O 


13 ^ 



By inspection, i\ = -4.5 A. 

We form a supermesh with meshes 3 and 4 as defined above. 

MESH 2: 2.2 + 3 h + 4 i 2 + 5 - 4 z 3 = 0 

SUPERME SH: 3 z 4 + 9 14 — 9 fi + 4 z ’3 — 4 i 2 + 6 z 3 + z 3 — 3 = 0 

Superm esh KCL equation: z 4 - z ' 3 = 2 

Simplifying and combining terms, we may rewrite these three equations 


Hi 

- 4 l 3 

= -7.2 

[ 1 ] 

-4 i 2 

+ 11 13 + 12 z 4 

= -37.5 

[ 2 ] 


- h + U 

= 2 

[3] 


[ 1 ] 

[ 2 ] 

[3] 


Solving, we find that i 2 
The power supplied by 


= -2.839 A, h = -3.168 A, and z 4 = -1.168 A. 


the 2 . 2 -V source is then 2.2 (i\ - i 2 ) 


-3.654 W. 


PROPRIETARY MATERIAL . © 2007 Th e McGraw-Hill Companies, Inc. Lim ited distr ibution perm itted onl y to 
teachers and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 






www.elsolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Four Solutions 10 March 2006 


44. We begin by defining six mesh currents as depicted below: 



'U 



"O 



h O 


• We form a supennesh with meshes 1 and 2 since they share a current source. 

• We form a second supermesh with meshes 3 and 4 since th ey also share a current 
source. 

1, 2 Supermesh: 

(4700 + 1000 + 10,000) h - 2200 i s + (2200 + 1000 + 4700) h - 1000 * 3 = 0 [1] 

3, 4 Supermesh: 

(4700 + 1000 + 2200) * 3 ~ 1000 h - 2200 k + (4700 + 10,000 + 1000) i 4 = 0 [2] 


MESH 5: (2200 + 4700) * 5 - 2200 h + 3.2 - 1.5 = 0 [3] 

MESH 6 : 1.5 + (4700 + 4700 + 2200) c - 2200 * 3 = 0 [4] 

1, 2 Supermesh KCL equation: i\~h = 3 x 10 ° [5] 

3, 4 Supermesh KCL equation: h~h = 2x10° [ 6 ] 


We can simplify these equations prior to solution in several ways. Choosing to retain 
six equations, 

15,700 h 


+ 7900 i 2 - 1000 13 

- 1000 z '2 + 7900 Z 3 + 15,700 i 4 

- 2200 h 

- 2200*3 
-h 


-2200 i5 =0 

[ 1 ] 

-2200 i 6 = 0 

[ 2 ] 

+ 6900 *5 =-1.7 

[3] 

+ 11,600 /6 =-1.5 

[4] 

= 3xl0 ‘ 3 

[5] 


Solving, we find that i 4 = 540.8 mA. Thus, the voltage across the 2-mA source is 


(4700 + 10,000 + 1000) (540.8x 


10 ' 6 ) 


8.491 V 
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45. We define a mesh current 4 in the left-hand mesh, a mesh current 4 in the top right 
mesh, and a mesh current 4 in the bottom right mesh (all flowing clockwise). 


The left-most mesh can be analysed separately to determine the controlling voltage v a , 
as KCL assures us that no current flows through either the 1-Q or 6-Q resistor. 

Thus, -1.8 + 3 4 - 1-5 + 2 4 = 0, which may be solved to find 4 = 0.66 A. Hence, 
v a = 3 4= 1-98V. 

Forming one supermesh from the remaining two meshes, we may write: 

-3 + 2.5 z’i +34 + 44 = 0 

and the supermesh KCL equation: 4-4 = 0.5 v a = 0.5(1.98) = 0.99 

Thus, we have two equations to solve: 

2.5 z'i + 74 = 3 
-4 + 4 = 0.99 


Solving, we find that 4 = -413.7 mA and the voltage across the 2.5- 
(arbitrarily assuming the left terminal is the “+” reference) is 2.5 4 = 


Q res istor 
-1.034 V. 
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46. There are only three meshes in this circuit, as the botton 22-mQ resistor is not 

connected connected at its left term inal. Thus, we define three m esh currents, i\, h, 
and h, beginning with the left-most mesh. 

We next create a superm esh from meshes 1 and 2 (note that m esh 3 is independent, 
and can be analysed separately). 

Thus, -11.8 + 10xl0' 3 i\ + 22xl0' 3 i 2 + 10xl0' 3 U + 17xl0' 3 i\ = 0 

and applying KCL to obtain an equation containing the current source, 

h - h = 100 

Combining terms and simplifying, we obtain 


27x10-3 i i + 32x1 O' 3 i 2 =11.8 
z'i - h = 100 


Solving, we find that 

/1 = 254.2 A 

and 

h = 154.2 A. 


The final mesh current is easily found: 

h 

= 13x IQ 3 / (14 + 11.6+ 15) = 320.2 A. 
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47. MESH 1: 

i 

+ 

i 

II 

o 


[ 1 ] 


MESH 2: 

h — i l + 2/2 + 3/2 - 3/3 

= 0 

[ 2 ] 


MESH 3: 

3/3 — 3/2 + X/3 +2/3 — 7 

= 0 

[3] 



Grouping terms, we find that 

i\-h = 7 [1] 

-i\ + 6/3 -3/3 = [3] 

-3/2 + (5 + x)/3 =7 [3] 


This, unfortunately, is four unknowns but only three equations. However, we have not 
yet made use of the fact that we are trying to obtain h = 2.273 A. Solving these “four” 
equations, we find that 


x = (7 + 3/2 — 5 13 )/ 13 = 4.498 Cl 
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48. We begin by redrawing the circuit as instructed, and define three mesh currents: 


B 


y inspection, h = 7 A. 

MESH 1: -7 + ii-i2 = 0 


or 


MESH 2: 


(1+2+ 3) i2-ii-3(7) = 0 or 



2D 


i'i ~h =7 [1] 
-/1 +6/2 = 21 [2] 


There is no need for supermesh techniques for this situation, as the only current 
source lies on the outside perimeter of a mesh- it is not shared between meshes. 


Solving, we find that 


z'i = 12.6 A, h = 5.6 A and h = 7 A. 
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49. ( a) We are asked for a voltage, and have one current source and one voltage source. 
Nodal analysis is probably best then- th e nodes can be nam ed so that the desired 
voltage is a nodal voltage, or, at worst, we have one supernode equation to solve. 

Name the top left node “1” a nd the top right node “x”; designate the bottom node as 
the reference terminal. Next, form a supemode with nodes “1” and “x.” 


At the supernode: 

11 = vi/2 + 

vj 9 

[1] 

and the KVL Eqn: 

vi - v x = 22 


[2] 

Rearranging, 

11(18) = 9v, 

+ 2 v x 

[1] 


22 = vi — v x 

[2] 



Solving, 



( b ) We are asked for a voltage, and so may suspect that nodal analysis is preferrable; 
with two current sources a nd only one voltage source (eas ily dea It w ith using the 
supernode technique), nodal analysis does seem to have an edge over m esh analysis 
here. 


Name the top left node “x,” the top right node “y” and designate the bottom node as 
the reference node. Forming a supernode from nodes “x” and “y,” 


At the supernode: 6 + 9 = v x / 10 + v y /20 [1] 

and the KVL Eqn: v y -v x = 12 [2] 


Rearranging, 15(20) = 2 v x + v y [1] 
and 12 = - v x + v y [2] 


Solving, we find that 


96 V. 


(c) W e are asked for a voltage, but would ha ve to subtract two nodal voltages (not 
much harder than invoking Ohm ’s law). On the other hand, the dependent current 
source depends on the desired unknown, whic h would lead to the need for another 
equation if invoking mesh analysis. Trying nodal analysis, 


0.1 v x = (vi - 50) / 2 +v x /4 [1] 


referring to the circuit w e see tha t v x = v\ — 100. Rearranging so that we m ay 
eliminate vi in Eq. [1], we obtain vi = v x + 100. Thus, Eq. [1] becomes 


0.1 v x = (v x + 100 - 50)/2 +v x /4 


and a little algebra yields 


v x = -38.46 V 
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and 


(a) We begin by noting that it is a voltage that is required; no current values are 
requested. This is a three- mesh circuit, or a four-node circuit, depending on your 
perspective. Either app roach requires th ree equations.... Except that applying the 
supernode technique reduces the number of needed equations by one. 

At the 1,3 supemode: 

0 = (vi — 80)/ 10 + {vy/v^y 20 + (viyti)/ 20 + v 3 / 40 + v 3 / 30 
V 3 - vi = 30 


We simplify these two equations and collect terms, yielding 

0.1 vi + 0.05833 v 3 = 8 
- vi + v 3 =30 


Solving, we find that v 3 = 69.48 V 


Both ends of the 
resistor are 
connected to the 
supemode, so we 
could actually just 
ignore it... 


(b) Mesh analysis would be straightforward, requiring 3 equations and a (trivial) 
application of O hm’s law to obta in the f inal answer. Nodal analysis, on the other 
hand, would require o nly two equations, and the desired voltage will be a nodal 
voltage. 


At the b, c, d supernode: 
and: Vd-Vb = 30 
Simplify and collect terms: 


0 = (vb - 80)/ 10 + Vd/ 40 + vj 30 
v c -v d = 9 

0.1 Vb + 0.03333 v c + 0.025 Vd = 


-Vb 


+ 


Solving, Vd (= v 3 ) = 67.58 V 


Vd 

Vd 


80 

30 

9 


(c) We are now faced with a dependent current source whose value depends on a 
mesh current. Mesh analysis in th is situation requires 1 supenn esh, 1 KCL equation 
and Ohm’s law. Nodal analysis requires 1 supernode, 1 KVL equation, 1 other nodal 
equation, and one equation to express z'i in term s of nodal voltages. Thus, m esh 
analysis has an edge here. Define th e left mesh as “1,” the top m esh as “2”, and the 
bottom mesh as “3.” 


Mesh 1: 

2, 3 supennesh: 

and: 


-80 + 10 i\ + 20 i\ — 20 z 2 + 30 z) — 30 z 3 — 0 
20 z '2 — 20 i\ — 30 + 40 z 3 + 30 z 3 — 30 i\ — 0 
h - h = 5 z'i 


Rewriting, 60 i\ - 20 z 2 - 30 z '3 = 80 

-50 z'i + 20 z '2 + 70 z ’3 = 30 

5 z'i - z '2 + z '3 = 0 

Solving, z '3 = 4.727 A so 


v 3 = 40 z '3 = 189 V. 
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51. This circuit consists of 3 meshes, and no dependent sources. Therefore 3 simultaneous 
equations and 1 subtraction operation would be required to solve for the two desired 
currents. On the other hand, if we use nodal analysis, form ing a supernode about the 
30-V source would lead to 5 - 1 - 1 = 3 sim ulataneous equations as well, plus several 
subtraction and division opera tions to find the currents. Thus, m esh analysis has a 
slight edge here. 

Define three clockwis e mesh currents: z' a in the left-most mesh, z' b in the top right 
mesh, and 4 in the bottom right mesh. Then our mesh equations will be: 

Mesh a: -80 + (10 + 20 + 30) i a - 20 4 - 30 4 = 0 [1] 

Mesh 6: -30 + (12 + 20) 4 - 12 4 - 20 i a = 0 [2] 

Meshc: (12 +40 + 30) z c — 12 z'b-30 4 = 0 [3] 


Simplifying and collecting terms, 


60 4 - 20 4 - 30 4 = 

80 

[1] 

-20 4 + 32 4 - 12 4 = 

30 

[2] 

-30 4 - 12 4 + 82 4 = 

0 

[3] 


Solving, we find that z a = 3.549 A, 4 = 3.854 A, and 4 = 1.863 A. Thus, 

and z 2 = z a -4 


O la 


3.549 A 


1.686 A. 
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52. Approaching this problem using nodal analysis would require 3 separate nodal 

equations, plus one equation to deal with the dependent source, plus subtraction and 
division steps to actua lly find the current /ho- Mesh analy sis, on the o ther hand, will 
require 2 mesh/supermesh equations, 1 KCL equation, and one subtraction step to find 
/io. Thus, mesh analysis has a clear edge. Define three clockwise mesh currents: zi in 
the bottom left mesh, f in the top mesh, and z 3 in the bottom right mesh. 


MESH 1: 

zi = 5 mA by inspection 

[1] 

SUPERMESH: zi - zi = 0.4 zio 

zi - h = 0.4(z 3 - zi) 



zi - 0.6 zi - 0.4 z 3 = 0 

[2] 

MESH 3: 

-5000 zi - 10000 z 2 + 35000 z' 3 = 0 

[3] 

Sim plify: 

0.6 zi + 0.4 z 3 = 5x10' 3 [2] 



-10000 zi + 35000 z 3 = 25 

[3] 


Solving, we find zi = 6.6 mA and z 3 = 2.6 mA. Since zio = h ~ h, we find that 

zio = -4 mA. 
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53. For this circuit problem, nodal analysis will require 3 simultaneous nodal equations, 

then subtraction/ division steps to obtain th e desired currents. Mesh analysis requires 
1 mesh equation, 1 supermesh equation, 2 simple KCL equations and one subtraction 
step to dete rinine the currents. If either te chnique has an edge in this situa tion, it’s 
probably mesh analysis. Thus, define four clockwise mesh equations: 4 in the bottom 
left mesh, 4 in the top lef t mesh, 4 in the top right m esh, and 4 in the bottom right 
mesh. 

At the a, b, c supermesh: -100 + 64 + 20 4 + 44+ 10 4 - 10 4 = 0 [1] 


Mesh d: 

100+ 10 id- 

10 4 

+ 24 4 — 0 

KCL: 

- 4 + 4 = 2 



and 

4 + 4 3 4 

= 3 i 

a 

Collecting terms & simplifying, 




6 4 + 20 4 + 14 4 - 10 4 = 

100 

[i] 


-10 4 + 34 4 = 

-100 

[2] 


- 4 + 4 

2 

[3] 


-3 4 4 + 4 

0 

[4] 


Solving, 

4 = 0.1206 A, 4 


2.121 A, 4 = 2.482 A, and 4 = -2.211 A. Thus, 
and iio = 4-4 = 


Z3 = Za = 


120.6 mA 


4.693 A. 


[ 2 ] 

[3] 

[4] 
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54. With 7 nodes in this circuit, nodal analysis will require the solution of three 

simultaneous nodal equations (assum ing we make use of the supernode technique) 
and one KVL equation. Mesh analysis will require the solution of three simultaneous 
mesh equations (one m esh current can be found by inspecti on), plus several 
subtraction and m ultiplication oper ations to f inally de termine the voltage a t th e 
central nod e. Either will probab ly requi re a com parable am ount of algebraic 
manoeuvres, so we go with nodal analysis, as the desired unknown is a direct result of 
solving the simultaneous equations. Define the nodes as: 


v 3 



v 4 

Vi 

v 2 


NODE 1: 


-2x1 O ' 3 = (vi- 1.3)/ 1.8xl0 3 


Vl 


-2.84 V. 


2, 4 Supernode: 

2.3xl0 ' 3 = (v 2 -v 5 )/ 1x10 3 + (v 4 - 1.3)/7.3x10 3 + (v 4 -v 5 )/ 1.3x10 3 + v 4 / 1.5x10 3 


KVL equation: 


-V2 + V4 = 5.2 


Node 5: 0 = (v 5 - v 2 )/ lxlO 3 + (v 5 - v 4 )/ 1.3xl0 3 + (v 5 - 2.6)/ 6.3xl0 3 

Simplifying and collecting terms, 

14.235 v 2 +22.39 v 4 -25.185 v 5 = 35.275 [1] 

-V 2 + V 4 =5.2 [2] 

-8.19 v 2 -6.3 v 4 + 15.79 v 5 = 3.38 [3] 


Solving, we find the voltage at the central node is 


v 4 = 3.460 V. 
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55. Mesh analysis yields current values directly, so use that approach. We therefore 

define four clockwise mesh currents, starting with 4 in the left-most mesh, then 4, 4 
and U moving towards the right. 


Mesh 1: 

Mesh 2: 

Mesh 3: 
Mesh 4: 


-0.8z x + (2 + 5) i\ — 5/2 — 0 [1] 
4 = 1 A by inspection [2] 

(3 + 4) is -3(1)- 4(4) = 0 [3] 
(4 + 3) U - 4 i 3 - 5 = 0 [4] 


Simplify and collect terms, noting that 4 = 4-4 = 4- 1 


-0.8( z'i - 1) + 7 z'i - 5(1) = 0 yields 4 = 677.4 mA 


Thus, [3] and [4] become: 7 4-4 4 = 3 [3] 

-4 4 + 74 = 5 [4] 


Solving, we find that 4 = 1 -242 A and 4 = 1 -424 A. A map of individual branch 
currents can now be drawn: 
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56. If we choose to perform mesh analysis, we require 2 simultaneous equations (there are 
four m eshes, but one m esh current is known, and we can em ploy the superm esh 
technique around the left two m eshes). In order to find the voltage across the 2-m A 
source we will need to write a KVL equation, however. Using nodal analysis is less 
desirable in this case, as there will be a large num her of nodal equations needed. 
Thus, we de fine four clockwise m esh currents i\, h, h and U starting with the lef t- 
most mesh and moving towards the right of the circuit. 

At the 1,2 supermesh: 2000 i\ + 6000 h - 3 + 5000 h = 0 [1] 

and z'j - h = 2x10' 3 [2] 

by inspection, U = -1 m A. However, this as well as any equation for mesh 

four are unnecessary: w e already have two equations in two unknowns and i\ and h 
are sufficient to enable us to find the voltage across the current source. 

Simplifying, we obtain 2000 i\ + 11000 h = 3 [1] 

1000 z, - 1000 h = 2 [2] 


Solving, h = 1.923 mA and h = -76.92 juA. 

Thus, the voltage across the 2-mA source (“+” reference at the top of the source) is 
v = -2000 z'i - 6000 (z’i - z' 2 ) 


-15.85 V. 
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57. Nodal analysis will require 2 nodal equations (one being a “supernode” equation), 1 

KVL equation, and subtraction/division operations to obtain the desired current. Mesh 
analysis s imply requ ires 2 “supermesh” equations and 2 KCL equations, with the 
desired current being a m esh current. Thus , we define four cl ockwise mesh currents 
z'a, i'b, 4, i‘d starting with the left-most mesh and proceeding to the right of the circuit. 


At the a, b supermesh: 

-5 + 2 i 

a + 2 4 

+ 3 4 — 3 4 — 0 

[1] 

At the c, d supermesh: 

3 4 - 3 

4+1+44 ~ 0 

[2] 

and 

4 “ 4> — 

3 

[3] 



4 - 4 

2 

[4] 


Simplifying and collecting terms, we 

obtain 



2 la + 5 i'b - 

-34 

= 5 

[1] 


-3 i'b 

+ 34 + 4 4 

= -1 

[2] 


4 - 4 


= 3 

[3] 



4 - 4 

= 2 

[4] 



Solving, we find 4 = 3.35 A, 4 = 350 mA, i c = 1.15 A, and 4 = -850 mA. As i\ = 4, 

i\ = 350 mA. 
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58. Define a voltage v x at the top node of the current source I 2 , and a clockwise mesh 
current 4 in the right-most mesh. 


We want 6 W dissipated in the 6-Q resistor, which leads to the requirement = 1 A. 
Applying nodal analysis to the circuit, 

I 1 + I 2 = (v x -vi)/6 = 1 


so our requirement is Ii + I 2 = 1. There is no constraint on the value of vi other than 
we are told to select a nonzero value. 


Thus, we choose h=h = 500 inA and vi = 3.1415 V. 


PROPRIETARY MATERIAL . © 2007 Th e McGraw-Hill Companies, Inc. Lim ited distr ibution perm itted onl y to 
teachers and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 



www.elsolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Four Solutions 10 March 2006 


59. Inserting the new 2-V source with “+” reference at the bottom, and the new 7-mA 

source with the arrow pointing down, we define four clockwise mesh currents z'i, h, h, 
i 4 starting with the left-most mesh and proceeding towards the right of the circuit. 

Mesh 1: (2000 + 1000 + 5000) h - 6000 h - 2 = 0 [1] 

2, 3 Supermesh: 

2 + (5000 + 5000 + 1000 + 6000) i 2 - 6000 z, + (3000 + 4000 + 5000) z 3 - 5000 z 4 

= 0 [2] 


and 

h - h = 7xl0 ' 3 

[3] 

Mesh 4: 

U - -1 mA by inspection 

[4] 

Simplifying and combining terms, 


8000 

II 

. ^ 

o 

o 

o 

SO 

1 

[ 1 ] 


1000 z 2 - 1000 /3 = 7 

[4] 

-6000 

z'i + 17000 z '2 + 12000 13 = -7 

[ 2 ] 

Solving, we find that 



z'i = 2.653 A, z '2 = 3.204 A, z '3 = -3.796 A, z 4 
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60. This circuit is e asily analyzed by mesh analysis; it’s planar, and after combining the 
2A and 3 A sources into a single 1 A source, supermesh analysis is simple. 

First, define clockwise mesh currents z' x , i\, z ' 2 and z '3 starting from the left-most mesh 
and moving to the right. Next, com bine the 2 A and 3 A sources tern porarily into a 1 
A source, arrow pointing upwards. Th en, define four nodal voltages, V i, V2, V3 and 
V4 moving from left to right along the top of the circuit. 

At the left-most mesh, z' x = -5 i\ [ 1 ] 

For the supermesh, we can write Ai\ - 2z' x + 2 + 2/3 = 0 [2] 

and the corresponding KCL equation: z '3 - z'i = 1 [3] 

Substituting Eq. [1] into Eq. [2] and simplifying, 

14 z'i+2z3 = -2 

-z'i + z '3 = 1 


Solving, z'i =-250 mA and z '3 = 750 mA. 

Then, z' x = -5 z'i = 1.35 A and z '2 = z'i - 2 = -2.25 A 


Nodal voltages are straightfoward to find, then: 


V 4 = 2z' 3 = 1.5 V 
V 3 = 2 + V 4 = 3.5 V 
V 2 - V 3 = 2 z'i or V 2 = 2 + V 3 = 3 V 
Vi - V 2 = 2 z' x or Vi = 2 z' x + V 2 = 5.5 V 
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61. Hand analysis: 

Define three clockwise m esh currents: i\ in the bottom left mesh, i 2 in the top m esh, 
and h in the bottom right mesh. 

MESH 1: /'i = 5 mA by inspection [1] 

SUPERMESH: /, - i 2 = 0.4 / l0 

i\ - h = 0.4 (/ 3 - i 2 ) 

i\ — 0.6 i 2 — 0.4 13 = 0 [2] 

MESH 3: -5000 /, - 10000 i 2 + 35000 h = 0 [3] 

Sim plify: 0.6 i 2 + 0.4 / 3 = 5x10 ' 3 [2] 

-10000 /2 + 35000 /3 = 25 [3] 

Solving, we find i 2 = 6.6 mA and 13 = 2.6 mA. Since i\ 0 = 13 - i 2 , we find that 

ho = -4 mA. 

PSpice simulation results: 



Summary: The current entering the right-hand node of the 10-k Q resistor R2 is 

equal to 4.000 mA. Since this current is —/ 10 , /10 = -4.000 mA as found by hand. 
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Hand analysis: 

Define the nodes as: 


v 3 



v 4 

Vl 

v 2 


NODE 1: 


-2x1 O' 3 = (vi- 1.3)/ 1.8xl0 3 


vi = -2.84 V. 


2, 4 Supernode: 

2.3xl0' 3 = (v 2 -v 5 )/ 1x10 3 + (v 4 - 1.3)/7.3x1 0 3 + (v 4 - v 5 )/ 1.3x10 3 + v 4 / 1.5x10 3 
KVL equation: -V 2 + v 4 = 5.2 

Node 5: 0 = (v 5 - v 2 )/ lxlO 3 + (v 5 - v 4 )/ 1.3xl0 3 + (v 5 - 2.6)/ 6.3xl0 3 

Simplifying and collecting terms, 

14.235 v 2 + 22.39 v 4 - 25.185 v 5 = 35.275 [1] 

-v 2 + v 4 =5.2 [2] 

-8.19 v 2 -6.3 v 4 + 15.79 v 5 = 3.38 [3] 


Solving, we find the voltage at the central node is 

PSpice simulation results: 

Dial h°ne H PI I 


v 4 = 3.460 V. 




o 


■6 


R3 <1-5k 


VI DC=1.3V 


R1 

-AW- 

7.3k 


V2 


R2 

-AAA/- 

i.3k 


R4 <6. 3k 


R6 < 1.8k 


V3 

o„ 


DC=5.2V 


=»i.a (V)- 


DC=2.3mA 


hJ 

1 46 . 1 15 




J 




Summary: The voltage at the center node is found to be 3.460 V, which is in 

agreement with our hand calculation. 
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63. Hand analysis: 

At the 1,2 supermesh: 2000 z'i + 6000 h - 3 + 5000 z 2 = 0 [1] 

and z'i - 12 = 2 x 10" 3 [ 2 ] 


by inspection, z '4 = -1 111 A. However, this as well as any equation for mesh 

four are unnecessary: w e already have two equations in two unknowns and z'i and h 
are sufficient to enable us to find the voltage across the current source. 

Simplifying, we obtain 2000 i\ + 11000 z 2 = 3 [1] 

1000 h - 1000 h = 2 [ 2 ] 

Solving, i\ = 1.923 mA and z ' 2 = -76.92 pA. 


Thus, the voltage across the 2-mA source (“+” reference at the top of the source) is 
v = -2000 z'i - 6000 (z’i - z' 2 ) 

PSpice simulation results: 


-15.85 V. 



Summary: Again arbitrarily selecting the “+” reference as the top node of the 

2-mA current source, we find the voltage across it is -5.846 - 10 = -15.846 V, in 
agreement with our hand calculation. 
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64. Hand analysis: 

Define a voltage v x at the top node of the current source I 2 , and a clockwise mesh 
current 4 in the right-most mesh. 


We want 6 W dissipated in the 6-Q resistor, which leads to the requirement z'b = 1 A. 
Applying nodal analysis to the circuit, 

Ii + I 2 = (v x -vi)/6 = 1 


so our requirement is Ii + I 2 = 1. There is no constraint on the value of vi other than 
we are told to select a nonzero value. 


Thus, we choose Ii = I 2 = 500 niA and vi = 3.1415 V. 


PSpice simulation results: 



Summary: We see from the labeled schematic above that our choice for Ii, I 2 and 

V i lead to 1 A through the 6-Q resistor, or 6 W dissipated in that resistor, as desired. 
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65. Hand analysis: 

Define node 1 as the top left node, and node 2 as the node joining the three 2-Q 
resistors. Place the “+” reference term inal of the 2-V source at the righ t. The right¬ 
most 2-Q resistor has therefore been shorted out. Applying nodal analysis then, 

Node 1: -5 ft = (vi - V 2 )/ 2 [1] 

Node 2: 0 = (v 2 - vi)/ 2 + v 2 / 2 + (v 2 - 2)/ 2 [2] 

and, /, = (v 2 -2)/2 [3] 

Simplifying and collecting terms, 


vi + v 2 = 10 [1] 

-vi + 3 v 2 = 2 [2] 


Solving, we find that 


vi = 3.143 V and v 2 = 1.714 V. 


Defining clockwise m esh currents i a , i b, i c, i d starting with the left-most m esh and 
proceeding right, we may easily determine that 


z a = -5 zj = 714.3 mA 
z'b = -142.9 mA 
z c = zj - 2 = -2.143 A 
z'd= 3 + z' c = 857.1 mA 


PSpice simulation results: 



Summary: The simulation results agree with the hand calculations. 
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66 . 


(a) One possible circuit configuration of many that would satisfy the requirements: 
ioo n 



2 v* 


and, 

150 

2970 


At node 1: -3 = (vi - 5)/ 100 + (vi - v2)/ 50 

At node 2: 2 v x = (v2 - v\)l 50 + v 2 / 30 

v x = 5 - vi [3] 

Simplifying and collecting terms, 

V!-100 v 2 = -14750 [1] 

V! + 80 v 2 = 15000 [2] 


[ 1 ] 

[ 2 ] 


vi 


1.036 V and v 2 = 149.1 V. 


Solving, we find that 
The current through the 100-Q resistor is simply (5 - vi)/100 = 


The current through the 50-Q resistor is (vi - v 2 )/ 50 = 1-2.961 A, 


vi)/100 = 

39.64 mA 

= -2.961 A, 



and the current through the 20- Q and 10- Q series com bination is v 2 / 30 = 4.97 A 


Finally, the dependent source generates a current of 2 v x =|7.928 A. 
(b) PSpice simulation results 






R1 

R2 

[1.036V 


DC=5 



39.64mA 


VI 


wv 

100 


3.000A 


DC=3 



39.64mA 



R4 


149.05V 



0 


G1 

GAIN=2 


Summary: The simulated results agree with the hand calculations. 
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67. One possible solution of many: 



Choose R so that 3R = 5; then the voltage across the current source will be 5 V, and 
so will the voltage across the resistor R. 

R = 5/3 Q. To construct this from 1-Q resistors, note that 


5/3 Q = 1 Q + 2/3 Q = 1 Q + 1 Q | 

1 in | 

IQ + IQ 

1 m | 

1 in 


* Solution to Problem 4.57 
.OP 

VI 1 0 DC 10 
II 0 4 DC 3 
R1 1 2 1 
R22 3 1 
R3 2 3 1 
R42 3 1 
R5 3 4 1 
R6 3 4 1 
R7 3 4 1 

.END 


**** SMALL SIGNAL BIAS SOLUTION TEMPERATURE = 27.000 DEG C 

NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE 
( 1) 10.0000 ( 2) 7.0000 ( 3) 6.0000 ( 4) 5.0000 

VOLTAGE SOURCE CURRENTS 
NAME CURRENT 

VI -3.000E+00 
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68. We first name each node, resistor and voltage source: 

R4 R7 



We next write an appropriate input deck for SPICE: 


* Solution to Problem 4.58 
.OP 

VI 1 0 DC 20 
R1 1 22 
R22 03 
R3 2 34 
R4 2 4 10 
R5 3 0 5 
R6 3 46 
R7 3 5 11 
R840 7 
R94 5 8 
RIO 5 09 

END 


And obtain the following output: 



We see from this simulation result that the voltage vs = 2.847 V. 
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One possible solution of many: 



Vi 


All resistors are 
1 Q, except Rl, 
which represents 
5 1-Q resistors 
in series. 


Verify: vi = 9(4/9) = 4 V 

v 2 = 9(3/9) = 3 V 
v 3 = 9(2/9) = 2V 


SPICE INPUT DECK: 


* Solution to Problem 4.59 
.OP 

VI 1 0 DC 9 
Rl 1 2 5 
R22 3 1 
R3 3 4 1 
R44 5 1 
R5 5 0 1 

END 


**** 07/29/01 21:36:26 *********** Evaluation PSpice (Nov 1999) ************** 

* Solution to Problem 4.59 

**** SMALL SIGNAL BIAS SOLUTION TEMPERATURE = 27.000 DEG C 

NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE NODE 
VOLTAGE 

( 1) 9.0000 ( 2) 4.0000 ( 3) 3.0000 ( 4) 2.0000 

( 5) 1.0000 , 2 
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70. (a) If on ly two bulbs are not lit (and thinking of each bulb as a resistor), the bulbs 

must be in parallel- otherwise, the burne d out bulbs, acting as short circuits, would 
prevent current from flowing to the “good” bulbs. 


(b) In a parallel connected circuit, each bulb “sees” 115 VAC. Therefore, the 
individual bulb current islW/115V = 8.696 mA. The resistance of each “good ” 
bulb is V/I = 13.22 k Q. A simplified, electrically-equivalent model for this cir cuit 
would be a 115 VAC source connected in parallel to a resistor R eq such that 

1/Req = 1/I3.22xl0 3 + 1/I3.22xl0 3 + .... + 1/I3.22xl0 3 (400 - 2 = 3 98 terms) 
or R eq = 33.22 Q. We expect the source to provide 398 W. 

* Solution to Problem 4.60 
.OP 

VI 1 0 AC 115 60 
R1 1 0 33.22 

.AC LIN 1 60 60 
.PRINT AC VM(1)IM(V1) 

.END 


^ Qy/29/01 21*09*32 Evslu^tion PSpicc ^^^ov 1999^ 

* Solution to Problem 4.60 

**** SMALL SIGNAL BIAS SOLUTION TEMPERATURE = 27.000 DEG C 


NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE 
( 1 ) 0.0000 


VOLTAGE SOURCE CURRENTS 
NAME CURRENT 


VI 


0.000E+00 


TOTAL POWER DISSIPATION 0.00E+00 WATTS 


**** 07/29/01 21:09:32 *********** Evaluation PSpice (Nov 1999) 
* Solution to Problem 4.60 


This calculated power is not the value 
sought. It is an artifact of the use of 
an ac s ource, which re quires that we 
perform an ac analysis. T he supplied 
power is then separately computed as 
(1.15 x 10 2 )(3.462) = 398.1 W. 


**** AC ANALYSIS TEMPERATURE = 27.000 DEG C 


FREQ VM(1) IM(V1) 
6.000E+01 1.150E+02 3.462E+00 


(c) The in herent serie s res istance of th e wire connection s leads to a voltage dro p 
which increases the further one is from the voltage source. Thus, th e furthest bulbs 
actually have less than 115 VAC across them , so they draw slightly less current and 
glow more dimly. 
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1. Define percent error as 100 [e - (1 + x)]/ e 


X 

1 + X 

X 

e 

% error 

0.001 

1.001 

1.001 

5xl0' 5 

0.005 

1.005 

1.005 

X 

i—‘ 

o 

Li-J 

0.01 

1.01 

1.010 

5xlO' J 

0.05 

1.05 

1.051 

0.1 

0.10 

1.10 

1.105 

0.5 

0.50 

1.50 

1.649 

9 

1.00 

2.00 

2.718 

26 

5.00 

6.00 

148.4 

96 


Of course, “reasonable” is a very subjective term. However, if we choose x < 0.1, we 
ensure that the error is less than 1%. 
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2. (a) Short-circuit the 10 V source. 

Note that 6 || 4 = 2.4 Q. By voltage division, the voltage across the 6 Q 
resistor is then 

2.4 

4-= 1.778 V 

3 + 2.4 

So that /. =- 

1 6 

(b) Short-circuit the 4 V source. 

Note that 3 || 6 = 2 Q. By voltage division, the voltage across the 6 Q 
resistor is then 

-10— = -3.333 V 
6 


0.2963 A. 


-3.333 


So that /," = —--= -0.5556 A 


(c) /| /| + 4 


-259.3 inA 
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3. 


Open circuit the 4 A source. Then, since 


(7 + 2) || (5 + 5) = 4.737 Q, we can calculate v[ = (1)(4.737) = 


4.737 V. 


To find the total current flowing through the 7 Q resistor, we first detennine the total 
voltage vi by continuing our superposition procedure. The contribution to vi from the 
4 A source is found by first open-circuiting the 1 A source, then noting that current 
division yields: 


4 


5 

5 + (5 + 7 + 2) 


20 

19 


1.053 A 


Then, v" = (1.053)(9) = 9.477 V. Hence, v, - v| + v" = 14.21 V. 


We may now find the total current flowing downward through the 7 Q resistor as 


14.21/7 


2.03 A. 
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4. One approach to this problem is to write a set of mesh equations, leaving the voltage 
source and current source as variables which can be set to zero. 

We first rename the voltage source as V x . We next define three clockwise mesh 
currents in the bottom three meshes: i\, i y and / 4 . Finally, we define a clockwise mesh 
current z '3 in the top mesh, noting that it is equal to -4 A. 


Our general mesh equations are then: 

-V x + 18fi- 10i y = 0 
—10ii + 15i y -3i 4 = 0 

—3i y + 16i 4 - 5i3 = 0 

** Set V x = 10 V, i 3 = 0. Our mesh equations then become: 

18 ii - 10 /; = 10 

-4Ofi + 15/; - 3i 4 = 0 
-3/; + 16i 4 = 0 

Solving, /; = 0.6255 A. 

** Set V x = 0 V, i 3 = - 4 A. Our mesh equations then become: 

18ii-10/; =0 

—10ii + 15/; - 3i 4 = 0 
- 3 i" + 16i 4 = -20 

y 

Solving, i" =-0.4222 A. 


Thus, 


iy= f y + i y 


203.3 inA. 
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5. We may solve this problem without writing circuit equations if we first realise that the 
current fi is composed of two terms: one that depends solely on the 4 V source, and 
one that depends solely on the 10 V source. 

This may be written as fi = 4Ki + 10K 2 , where Ki and K 2 are constants that depend 
on the circuit topology and resistor values. 


We may not change Ki or K 2 , as only the source voltages may be changed. If we 
increase both sources by a factor of 10, then i] increases by the same amount. 


Thus, 


4 V —>■ 40 V and 10 V —>■ 100 V. 
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6 . 


z'a, V B “on”, v c = 0: 
z'a, v c “on”, v B = 0: 
/A, V B , Vc “on” : 

so, we can write 


4 = 20 A 
4 5 A 

4 = 12 A 

ix + 4” + 4”’ = 12 
4 ’ + 4 ” = 20 
ix + 4’” = - 5 



111“ 



12 

In matrix form, 

1 1 0 

-rt 

4 

= 

20 


1 0 1 



-5 


i) with z'a on only, the response 4 = 
7 ) with v B on only, the response 4 = 
:) with vc on only, the response i 
1) z'a and vc doubled 


X~ lx 

7 rwn ri • / I 2 1 


= 3 A. 


= 17^ 


= -8 A. 
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7. 


One source at a time: 

The contribution from the 24-V source may be found by shorting the 45-V source and 
open-circuiting the 2-A source. Applying voltage division, 


24- 


20 


10 + 20 + 451130 


= 24- 


20 


10 + 20 + 18 


10V 


We find the contribution of the 2-A source by shorting both voltage sources and 
applying current division: 


= 20 


10 


10 + 20 + 18 


8.333 V 


Finally, the contribution from the 45-V source is found by open-circuiting the 2-A 
source and shorting the 24-V source. Defining V 30 across the 30-0 resistor with the 
“+” reference on top: 

0 = V 30 / 20 + V 30 / (10 + 20) + (V 30 — 45)/ 45 


solving, V 30 = 11.25 V and hence v x ”’ = -11.25(20)7(10 + 20) = -7.5 V 


Adding the individual contributions, we find that v x = v x ’ 


+ V x ” + V x 


10.83 V 
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8 . 


The contribution of the 8-A source is found by shorting out the two voltage sources 
and employing simple current division: 


h'= -8 


50 

50 + 30 


-5 A 


The contribution of the voltage sources may be found collectively or individually. The 
contribution of the 100-V source is found by open-circuiting the 8-A source and 
shorting the 60-V source. Then, 


h 


!» 


100 

(50+ 30) || 60 || 30 


6.25 A 


The contribution of the 60-V source is found in a similar way as zV" = -60/30 = -2 A. 


The total response is h = zV + h" + zV" 


-750 mA. 
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9. (a) By current division, the contribution of the 1-A source i% is 

ti = 1 (200)/ 250 = 800 mA. 

The contribution of the 100-V source is 12 ” = 100/ 250 = 400 inA. 

The contribution of the 0.5-A source is found by current division once the 1-A source 
is open-circuited and the voltage source is shorted. Thus, 

/ 2 ’” = 0.5 (50)/250 = 100 mA 



Check: 60 + 18 + 32 + 20 = +130. 
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10 . 


We find the contribution of the 4-A source by shorting out the 100-V source and 
analysing the resulting circuit: 


ion 

AA/V 



4 = Vf/20 + (ViW)/10 [1] 

0.4 if = Vf/ 30 + (V' — VY)/ 10 [2] 


where if = Vf/ 20 


Simplifying & collecting terms, we obtain 30 Vf - 20 V'= 800 [1] 

-7.2Vi’ + 8 V’ = 0 [2] 

Solving, we find that V’ = 60 V. Proceeding to the contribution of the 60-V source, we 
analyse the following circuit after defining a clockwise mesh current 4 flowing in the 
left mesh and a clockwise mesh current 4 flowing in the right mesh. 



30 4 - 60 + 30 4 - 30 4 = 0 [ 1 ] 
4 = -0.4 fi" = +0.4 4 [2] 


Solving, we find that 4 = 1.25 A and so V" = 30(4 - 4) = 22.5 V. 


Thus, V = V’ + V" 


82.5 V. 
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11. (a) Linearity allows us to consider this by viewing each source as being scaled by 

25/ 10. This means that the response (v 3 ) will be scaled by the same factor: 


25 z A '/ 10 + 25 zb'/ 10 = 25 v 3 '/ 10 
.'. v 3 = 25v 3 '/ 10 = 25(80)/ 10 =1 200 V 


(b) z A ' = 10 A, zV = 25 A 
z A " = 10 A, z b " = 25 A 
/a = 20 A, zb = _ 10 A 


^v 4 '= 100 V 
-+ v 4 " = -50 V 
—> v 4 = ? 


We can view this in a somewhat abstract form: the currents z'a and z’b multiply 
the same circuit parameters regardless of their value; the result is v 4 . 


Writing in matrix form, 


"10 

25“ 

a 


100 ' 

25 

10 

b 


-50 


we can solve to find 


a = -4.286 andb = 5.714, so that 20a 


10 b leads to 


v 4 =-142.9 V 
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12. With the current source open-circuited and the 7-V source shorted, we are left with 
100k || (22k + 4.7k) = 21.07 kQ. 

Thus, V 3v = 3 (21.07)/ (21.07 +47) = 0.9286 V. 

In a similar fashion, we find that the contribution of the 7-V source is: 

V 7v = 7 (31.97) / (31.97 + 26.7) = 3.814 V 

Finally, the contribution of the current source to the voltage V across it is: 


V 5mA = (5x10" 3 ) ( 47k || 100k || 26.7k) = 72.75 V. 
Adding, we find that V = 0.9286 + 3.814 + 72.75 = 


77.49 V. 
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13. We must find the current through the 500-kQ resistor using superposition, and then 
calculate the dissipated power. 

The contribution from the current source may be calculated by first noting that 
1M II 2.7M || 5M = 636.8 kQ. Then, 


l60pA= 60x10 


-6 


0.5 + 3 + 0.6368 


= 43.51//A 


The contribution from the voltage source is found by first noting that 2.7M || 5M = 
1.753 MQ. The total current flowing from the voltage source (with the current source 
open-circuited) is -1.5/ (3.5 || 1.753 + 1) pA = -0.6919 pA. The current flowing 
through the 500-kQ resistor due to the voltage source acting alone is then 

zi. 5V = 0.6919 (1.753)/ (1.753 + 3.5) mA = 230.9 nA. 


The total current through the 500-kQ resistor is then /'eo^A + h. sv= 43.74 pA and the 


dissipated power is (43.74x1 O' 9 ) 2 (500x10 3 ) 


956.6 pW. 
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14. We first determine the contribution of the voltage source: 



J'-' 

22 kft 


Via mesh analysis, we write: 5 = 18000 If - 17000 I x ' 

-6If =-17000 If+ 39000 If 

Solving, we find If = 472.1 mA and If = 205.8 mA, so V’ = 17x10’ (If - If) 
= 4.527 V. We proceed to find the contribution of the current source: 

6/f 


1 kfl V" 

—vw 



OTu 


17 kil 


22 kil 


x 


d> 


20 mA 


Via supernode: -20xl0 -3 = VfV 22xl0 3 + V7 0.9444xl0 3 

and V"-V x " = 6I X " or V" - V x " = 6 VfV 22xl0 : 

Solving, we find that V" =-18.11 V. Thus, V = V’+ V" = -13.58 V. 


[ 1 ] 

[ 2 ] 


The maximum power is V'/ 17 x 1 O’ = V 2 /17 mW = 250 mW, so 
V= A /(17)(250) = 65.19 = V' - (-18.il). Solving, we find V^ ax = 83.3 V. 

The 5-V source may then be increased by a factor of 83.3/ 4.527, so that its 


maximum positive value is 92 \; past this value, and the resistor will overheat. 
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15. It is | impossible! to identify the individual contribution of each source to the power 
dissipated in the resistor; superposition cannot be used for such a purpose. 

Simplifying the circuit, we may at least determine the total power dissipated in the 
resistor: 

212 

—Wv— 


5v O 


l —^ 

2.1 12 


(f> 


Via superposition in one step, we may write 


5 2 1 

- 2--— = 195.1mA 


2 + 2.1 2 + 2.1 


Thus, 


P 2 n = i ■ 2 = 


76.15 mW 
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16. 


We will analyse this circuit by first considering the combined effect of both dc 
sources (left), and then finding the effect of the single ac source acting alone (right). 




1, 3 supemode: Vi/100 + Vi/ 17xl0 3 + (Vi - 15)/ 33xl0 3 + V 3 / 10 3 = 20 I B [1] 
and: Vi - V 3 = 0.7 [2] 

Node 2: -20 I B = (V 2 - 15)/ 1000 [3] 

We require one additional equation if we wish to have I B as an unknown: 

20I b + I b = V 3 / 1000 [4] 

Simplifying and collecting terms, 

10.08912 Vj + V 3 - 20xl0 3 I B = 0.4545 [1] 

Vi - V 3 = 0.7 [2] 

V 2 + 20xl0 3 I B =15 [3] 

-V 3 + 21x103 I B = 0 [4] 

Solving, we find that I B = -31.04 pA. 


To analyse the right-hand circuit, we first find the Thevenin equivalent to the left of 
the wire marked z B ', noting that the 33-kQ and 17-kQ resistors are now in parallel. We 
find that V T h = 16.85 cos 6t V by voltage division, and Rth = 100 || 17k || 33k = 
99.12 Q. We may now proceed: 


20 z B ' = v x 7 1000 + (v x '- 16.85 cos 6t)/ 99.12 [1] 

20/ b ' + i B " = v x y 1000 [2] 


Solving, we find that z' B ' = 798.6 cos 6 1 inA. Thus, adding our two results, we find the 
complete current is 


i B = z B ' +18 = -31.04 + 798.6 cos 6t pA. 
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17. 


2 A 


© 


+ V' - 

—WV— 

5 11 
311 


■on 



We first consider the effect of the 2-A source separately, using the left circuit: 

3 


Vx 


= 1.765 V 


3 + 14 

Next we consider the effect of the 6-A source on its own using the right circuit: 

9 


Vx" = 5 


9 + 8 


= 15.88 V 


Thus, V x = V x ' + V x " = 


17.65 V. 


(b) PSpice verification (DC Sweepl 


Vx 


The DC 

sweep 

results 

below 

confirm 

that V x ' = 

1.765 V 




Of) 0.40 0.80 1.20 1.60 2.00 

!piU(Ux) 

I II 


U 

X 

W 

i 

t 

h 

6 

0 


P 

t 



| finite Cm tot 

1 

01 = 6.0800, 

17.647 

02 = 0.000, 

1.7647 

dif= 6.0000, 

15.882 


!ojU(Ux) 


I 12 


P5.13 (active) f" 
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18. 



(a) Beginning with the circuit on the left, we find the contribution of the 2-V source to 
V x : 

v; v ;-2 

— 4V = —— h—^- 

x 100 50 

which leads to V x ' = 9.926 mV. 


The circuit on the right yields the contribution of the 6-A source to Vx: 


-4v: 


which leads to V x " = 0. 


Thus, V x = V x ’ + V x " 


9.926 mV. 


V" V" 

T x _|_ T x 

Too 50 


(b) PSpice verification. 



As can be seen from the two 
separate PSpice simulations, 
our hand calculations are 
correct; the pV-scale voltage in 
the second simulation is a result 
of numerical inaccuracy. 
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kfl 2 kit 



-15 V 


6 V 


i k n 

AAA 

2 Ml 

AAA 

VVV 4 

t) ikn < 


1 kfl 

—vi/v— 

2 kft 

1 —wv— 

M 1 kl1 < 

>v, C 


lM 


+ J-10 V 


+ )-5V 


V x -12 V x V +15 
1 3 2 


so V = 2.455 V 


v x -6 1 v x | v;+io 

1 3 2 


so 


V; = 0.5455 V 


v;-6 x y " +5 

1 3 2 


V x ff = 1.909 V 


Adding, we find that V x ' + V x " = 2.455 V = V x as promised. 


10 March 2006 


= 0 


0 
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20. (a) We first recognise that the two current sources are in parallel, and hence may be 

replaced by a single -7 A source (arrow directed downward). This source is in parallel 
with a 10 kO resistor. A simple source transformation therefore yields a 10 kO 
resistor in series with a (-7)( 10,000) = -70,000 V source (+ reference on top): 



(b) This circuit requires several source transformations. First, we convert the 8 V 
source and 3 Q resistor to an 8/3 A current source in parallel with 3 Q. This yields a 
circuit with a 3 Q and 10 Q parallel combination, which may be replaced with a 
2.308 Q resistor. We may now convert the 8/3 A current source and 2.308 Q resistor 
to a (8/3)(2.308) = 6.155 V voltage source in series with a 2.308 Q resistor. This 
modified circuit contains a series combination of 2.308 Q and 5 Q; performing a 
source transformation yet again, we obtain a current source with value (6.155)/(2.308 
+ 5) = 0.8422 A in parallel with 7.308 Q and in parallel with the remaining 5 Q 
resistor. Since 7.308 Q || 5 Q = 2.969 Q, our solution is: 



PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to 
teachers and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 















www.elsolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Five Solutions 10 March 2006 


21. (a) First we note the three current sources are in parallel, and may be replaced by a 

single current source having value 5 - 1 + 3 = 7 A, arrow pointing upwards. This 
source is in parallel with the 10 Q resistor and the 6 Q resistor. Performing a source 
transformation on the current source and 6 Q resistor, we obtain a voltage source 
(7)(6) = 42 V in series with a 6 Q resistor and in series with the 10 Q resistor: 


6 Q 



10 Q 


(b) By voltage division, v = 42(10)/16 = 


26.25 V. 


(c) Once the 10 Q resistor is involved in a source transformation, it disappears, only 
to be replaced by a resistor having the same value - but whose current and voltage can 
be different. Since the quantity v appearing across this resistor is of interest, we 
cannot involve the resistor in a transformation. 
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(a) [120 cos 4007]/ 60 = 2 cos 4007 A. 60 || 120 = 40 Q. 
[2 cos 4007] (40) = 80 cos 4007 V. 40 + 10 = 50 Q. 

[80 cos 4007]/ 50 = 1.6 cos 4007 A. 50 || 50 = 25 Q. 



a 


-< 

-O 

1.6 cos 4007 A c 

9 < 

> 25 Q 



b 



-0 


(b) 2k || 3k + 6k = 7.2kQ. 


20mA 



7.2k || 12k = 4.5 kQ 


-AAA r- 

3.5 kQ 


4.5 kQ 




a 


<> 


(20)(4.5) = 90 V. 



10 March 2006 


PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to 
teachers and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 





















www.elsolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Five Solutions 10 March 2006 


23. We can ignore the 1-kQ resistor, at least when performing a source transformation on 
this circuit, as the 1-mA source will pump 1 mA through whatever value resistor we 
place there. So, we need only combine the 1 and 2 mA sources (which are in parallel 
once we replace the 1-kQ resistor with a 0-Q resistor). The current through the 5.8- 
kQ resistor is then simply given by voltage division: 

i = 3 x 10' 3 ——— = 1.343 mA 
4.7+ 5.8 

2 3 

The power dissipated by the 5.8-kQ resistor is then i 5.8 X 10 = 

(Note that we did not “transform” either source, but rather drew on the relevant 
discussion to understand why the 1-kQ resistor could be omitted.) 


10.46 mW. 
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We may ignore the 10-kQ and 9.7-kQ resistors, as 3-V will appear across them 
regardless of their value. Performing a quick source transformation on the 10-kQ 
resistor/ 4-mA current source combination, we replace them with a 40-V source in 
series with a 10-kQ resistor: 


3V 


V3 


A/Vv— 

5.8k Q 


I -> 


40V 


AA/V- 

10k Q 


1 = 43/ 15.8 mA = 2.722 mA. Therefore, P 5 . 8n = I 2 ' 5.8xl0 3 = 


42.97 mW. 
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25. (100 kQ)(6 mA) = 0.6 V 

1 MO 

—wv— 


200 kO 


9 V 


© 


VW-0— 


-3 V 


• 470 kO 


100 kO 


Q » 6V 


470 k || 300 k = 183.1 kQ 
(-3 - 0.6)/ 300xl0 3 = -12 jaA 
(183.1 kQ)(-12 )liA) = -2.197 V 

1 MO 183.1 kQ 

-^wv-wv- 


9 v 


6 


i 


6 


-2.197 V 


Solving, 9 + 1183.lxl0 3 1 - 2.197 = 0, so I = -5.750 fiA. Thus, 


Pi M n = I 2 ' 10 6 H 33.06 |TW. 
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26. 


(1)(47) = 47 V. (20)(10) = 200 V. Each voltage source “+” corresponds to its 
corresponding current source’s arrow head. 



Using KVL on the simplified circuit above, 

47 + 47x10 3 Ii-4Ii+13.3x10 3 I 1 + 200 = 0 


Solving, we find that f 


-247/ (60.3xl0 3 


4) 


-4.096 mA. 
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(a) (2 ¥0(17) = 34 V! 



Analysing the simplified circuit above, 

34Vi-0.6 +71 + 21+ 171 = 0 [1] and Vi = 21 [2] 

Substituting, we find that I = 0.6/ (68 + 7 + 2 + 17) = 6.383 mA. Thus, 

Vi = 21 

(b) 


G1 




12.77 mV 


12.77mV 


VI 

MA 


57.45mV 


R1 

(VvV 

7 


R3 

17 


AC = 
TRAN = 
DC = 0.6 


Vi is the top-labelled voltage (12.77 mV). 


R2 

2 
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28. 


Engineering Circuit Analysis, 7 th Edition Chapter Five Solutions 10 March 2006 


(a) 12/ 9000 = 1.333 mA. 9k || 7k = 3.938 kQ. (1.333 mA)(3.938 kQ) = 5.249 
V. 


3.938 kfl 


470 kl! 2 kn 


5.249 V 



5.249/ 473.938x10 = 11.08 juA 


11 


.08 nA (?) 



473.9 k || 10 k = 9.793 kQ. (11.08 mA)(9.793 kQ) = 0.1085 V 

1 ' 


I x = 0.1085/ 



lx 

17 kQ 


(b) 


R1 R2 R3 
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Engineering Circuit Analysis, 7 th Edition Chapter Five Solutions 10 March 2006 


29. First, (-7 pA)(2 MQ) = -14 V, “+” reference down. 2 MQ + 4 MQ = 6 MQ. 
+ 14 V/ 6 MQ = 2.333 pA, arrow pointing up; 6 M || 10 M = 3.75 MQ. 

3Mft 



(2.333)(3.75) = 8.749 V. R eq = 
.-. I x = 8.749/ (6.75 + 4.7) pA = 


6.75 MQ 
764.1 nA. 
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Engineering Circuit Analysis, 7 th Edition Chapter Five Solutions 10 March 2006 


30. To begin, note that (1 mA)(9 Q) = 9 mV, and 5 || 4 = 2.222 Q. 



The above circuit may not be further simplified using only source transformation 
techniques. 
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Engineering Circuit Analysis, 7 th Edition Chapter Five Solutions 10 March 2006 


31. Label the terminal of the 9-V source node x and the other terminal node x'. The 

9-V source will force the voltage across these two terminals to be -9 V regardless of 
the value of the current source and resistor to its left. These two components may 
therefore be neglected from the perspective of terminals a & b. Thus, we may draw: 


9 

4 


A 





PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to 
teachers and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 


















www.elsolucionario.net 


32. 


Engineering Circuit Analysis, 7 th Edition Chapter Five Solutions 10 March 2006 


Beware of the temptation to employ superposition to compute the dissipated power- it 
won ’t work ! 

Instead, define a current I flowing into the bottom terminal of the 1-MQ resistor. 
Using superposition to compute this current, 

I = 1.8/ 1.840 + 0 + 0 pA = 978.3 nA. 

Thus, 

Pimq = (978.3x1 O' 9 ) 2 (10 6 ) = 


957.1 nW. 
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Engineering Circuit Analysis, 7 th Edition Chapter Five Solutions 10 March 2006 


33. Let’s begin by plotting the experimental results, along with a least-squares fit to part 
of the data: 



Least-squares fit results: 


Voltage (V) 

1.567 

1.563 

1.558 


Current (mA) 

1.6681 

6.599 

12.763 


We see from the figure that we cannot draw a very good line through all data points 
representing currents from 1 mA to 20 mA. We have therefore chosen to perform a 
linear fit for the three lower voltages only, as shown. Our model will not be as 
accurate at 1 mA; there is no way to kn ow if our model will be accurate at 20 mA, 
since that is beyond the range of the experimental data. 


Modeling this system as an ideal voltage source in series with a resistance 
(representing the internal resistance of the battery) and a varying load resistance, we 
may write the following two equations based on the linear fit to the data: 


1.567 

1.558 


V src -R s (1.6681xl0- 3 ) 
Vsrc - R s (12.763 x 10" 3 ) 


Solving, 


V s , 


1.568 V anc R s = 811.2 infl 


ft should be noted that depending on the 


line fit to the experimental data, these values can change somewhat, particularly the 
series resistance value. 
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Engineering Circuit Analysis, 7 th Edition Chapter Five Solutions 10 March 2006 


34. Let’s begin by plotting the experimental results, along with a least-squares fit to part 
of the data: 



Least-squares fit results: 


Voltage (V) 

1.567 

1.563 

1.558 


Current (mA) 

1.6681 

6.599 

12.763 


We see from the figure that we cannot draw a very good line through all data points 
representing currents from 1 mA to 20 mA. We have therefore chosen to perform a 
linear fit for the three lower voltages only, as shown. Our model will not be as 
accurate at 1 mA; there is no way to know if our model will be accurate at 20 mA, 
since that is beyond the range of the experimental data. 

Modeling this system as an ideal current source in parallel with a resistance R p 
(representing the internal resistance of the battery) and a varying load resistance, we 
may write the following two equations based on the linear fit to the data: 

1.6681xl0' 3 = I*,. - 1.567/Rp 


12.763* 10' 3 = I™- 1.558/Rn 


Solving 


Isrc = 1.933 A and 


R s = 811.2 mfl 


ft should be noted that depending on the 


line fit to the experimental data, these values can change somewhat, particularly the 
series resistance value. 
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Engineering Circuit Analysis, 7 th Edition Chapter Five Solutions 10 March 2006 

35. Working from left to right, 

2 jlxA - 1.8 pA = 200 nA, arrow up. 

1.4MQ + 2.7MQ = 4.1 MQ 

A transformation to a voltage source yields (200 nA)(4.1 MQ) = 0.82 V in series with 

4.1 MQ + 2 MQ = 6.1 MQ, as shown below: 


6.1 Mil 



Then, 0.82 V/ 6.1 MQ = 134.4 nA, arrow up. 

6.1 MQ || 3 MQ = 2.011 MQ 

4.1 pA + 134.4 nA = 4.234 mA, arrow up. 
(4.234 pA) (2.011 MQ) = 8.515 V. 

The final circuit is an 8.515 V voltage source 
in series with a 2.011 MQ resistor, as shown: 
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Engineering Circuit Analysis, 7 th Edition Chapter Five Solutions 10 March 2006 


36. To begin, we note that the 5-V and 2-V sources are in series: 


U1 in 



Next, noting that 3 V/ 1 Q = 3 A, and 4 A 
l 11 



- 3 A = +1 A (arrow down), we obtain: 

The left-hand resistor and the current 
source are easily transformed into a 
1-V source in series with a 1-Q 
resistor: 


By voltage division, the voltage across the 
5-Q resistor in the circuit to the right is: 


(.1) —— =-0.4167 V. 
2115 + 2 



2 

Thus, the power dissipated by the 5-Q resistor is (-0.4167) / 5 


34.73 mW. 
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Engineering Circuit Analysis, 7 th Edition Chapter Five Solutions 10 March 2006 


37. (a) We may omit the 10 Q resistor from the circuit, as it does not affect the voltage or 

current associated with Rl since it is in parallel with the voltage source. We are thus 
left with an 8 V source in series with a 5 Q resistor. These may be transformed to an 
8/5 A current source in parallel with 5 Q, in parallel with Rl- 



(b) 


DC = 8 
AC = 
TRAN = 


Rl 




• 0 


We see from simulating both circuits simultaneously that the 
voltage across Rl is the same (4 V). 
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Engineering Circuit Analysis, 7 th Edition Chapter Five Solutions 10 March 2006 


38. (a) We may begin by omitting the 7 Q and 1 Q resistors. Performing the indicated 

source transformations, we find a 6/4 A source in parallel with 4 Q, and a 5/10 A 
source in parallel with 10 Q. These are both in parallel with the series combination of 
the two 5 Q resistors. Since 4 Q || 10 Q = 2.857 Q, and 6/4 + 5/10 = 2 A, we may 
further simplify the circuit to a single current source (2 A) in parallel with 2.857 Q 
and the series combination of two 5 Q resistors. Simple current division yields the 
current flowing through the 5 Q resistors: 


1 = 


2(2.857) „ . 

—--- = 0.4444 A 

2.857 + 10 


2 

The power dissipated in either of the 5 Q resistors is then I~R : 


987.6 mW. 


(b) We note that PSpice will NOT allow the 7 Q resistor to be left floating! For both 
circuits simulated, we observe 987.6 mW of power dissipated for the 5 Q resistor, 
confirming our analytic solution. 


DC = 6 
AC = 
TRAN = 


R1 R2 



- 0 




' 0 


(c) Neither does. No current flows through the 7 Q resistor; the 1 Q resistor is in 
parallel with a voltage source and hence cannot affect any other part of the circuit. 
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Engineering Circuit Analysis, 7 th Edition Chapter Five Solutions 10 March 2006 


39. We obtain a 5 V 3/4 A current source in parallel with 4 Q, and a 3 A current source in 
parallel with 2 Q. We now have two dependent current sources in parallel, which may 
be combined to yield a single -0.75V3 current source (arrow pointing upwards) in 
parallel with 4 Q. Selecting the bottom node as a reference terminal, and naming the 
top left node V x and the top right node V y , we write the following equations: 


-0.75v 3 = V x /4 + (V x - V y )/3 
3 = V y /2 + (V y - V x )/3 
V3 = V y -V x 


Solving, we find that V 3 


-2 V. 
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Engineering Circuit Analysis, 7 th Edition Chapter Five Solutions 


40. (a) R TH = 25 || (10+15) = 25 || 25 = 12.5 Q. 

25 


Vth = Vab = 50 


10 + 15 + 25 


\ioo r 15 + 10 5 


15 + 10 + 25 


75 V. 


(b) If R ab = 50 Q, 


P50C2 : 


75 


50 


-i2 


50 + 12.5 


( i 'n 


V 50y 


72 W 


(c) If R ab = 12.5 Q, 


75 

( 12-5 1 

-2 

f 1 > 


112.5 W 

v 12.5 +12.5 J 


V 12.5; 





10 March 2006 


PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to 
teachers and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 




























www.elsolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Five Solutions 10 March 2006 


41. (a) Shorting the 14 V source, we find that R TH = 10 || 20 + 10 = 16.67 Q. 


Next, we find Vth by determining Voc (recognising that the right-most 10 Q resistor 
carries no current, hence we have a simple voltage divider): 


Vth ~ Voc — 14 


10 + 10 
10 + 10 + 10 


9.333 V 


Thus, our Thevenin equivalent is a 9.333 V source in series with a 16.67 Q resistor, 
which is in series with the 5 Q resistor of interest. 


(b) l 5n = 9.333/ (5 + 16.67) = 0.4307 A. Thus, 


P 5n = (0.4307) 2 '5 


927.5 mW 


(c) We see from the PSpice simulation that keeping four significant digits in 
calculating the Thevenin equivalent yields at least 3 digits’ agreement in the results. 
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42. 


Engineering Circuit Analysis, 7 th Edition 


Chapter Five Solutions 


10 March 2006 


(a) Replacing the 7 Q resistor with a short circuit, we find 
Isc= 15 (8)/10 = 12 A. 

Removing the short circuit, and open-circuiting the 15 A source, we see that 
Rth = 2 + 8 = 10 £2. 

Thus, Vth = IscRth = (12)(10) = 120 V. 


Our Thevenin equivalent is therefore a 120 V source in series with 10 Q. 


(b) As found above 


In — Isc — 12 A, and Rth — 10 Q. 


(c) Using the Thevenin equivalent circuit, we may find v\ using voltage division: 
V! = 120 (7)/17 =1 49.41 V. 


Using the Norton equivalent circuit and a combination of current division and 
Ohm’s law, we find 


Vi= 7 


12—' 


49.41 V 

l 17; 




As expected, the results are equal. 

(d) Employing the more convenient Thevenin equivalent model, 
vi = 120(1)/17 = 7.059 V. 
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43. (a) R th =10 mV/ 400 pA 


25 Q 


(b) R th = HO V/363.6xl0' 3 A = 


302.5 Q 


(c) Increased current leads to increased filament temperature, which results in a 
higher resistance (as measured). This means the Thevenin equivalent must apply to 
the specific current of a particular circuit - one model is not suitable for all operating 
conditions (the light bulb is nonlinear). 
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44. (a) We begin by shorting both voltage sources, and removing the 1 Q resistor of 

interest. Looking into the terminals where the 1 Q resistor had been connected, we see 
that the 9 Q resistor is shorted out, so that 


Rth = (5+ 10)|| 10+ 10 


16 Q. 


To continue, we return to the original circuit and replace the 1 Q resistor with a short 
circuit. We define three clockwise mesh currents: i\ in the left-most mesh, 4 in the 
top-right mesh, and isc in the bottom right mesh. Writing our three mesh equations, 


— 4 + 9z i — 9L +3=0 

- 9zi + 34L - 104c = 0 

— 3 — lOz '2 + 20z sc =0 


Solving using MATLAB: 


» el = '-4 + 9*il - 9*i2 + 3 = 0'; 
» e 2 = + 34*12 - 10*isc = O’; 

» e3 = '-3 + 20*isc - 10*i2 = O'; 

» a = solve(el,e2,e3,'ir,’i2','isc'); 


we find 4c = 0.2125 A, so 


I N = 212.5 mA and V TH = InRth = (0.2125)(16) = 3.4 V. 


(b) Working with th e Theveni n equivalent circuit, fo = Vth/(Rth + 1) = 200 mA. 


Thus, Pm= (0.2)2.1 = 40 mW. 


Switching to the Norton equivalent, we find I1Q by curre nt division: 
Iin = (0.2125)(16)/(16+1) = 200 mA. Once again, 
expected). 


in 


= 40 mW 


(as 


(c) As we can see from simulating the original circuit simultaneously with its 
Thevenin and Norton equivalents, the 1 Q resistor does in fact dissipate 40 mW, and 
either equivalent is equally applicable. Note all three SOURCES provide a different 
amount of power in total. 
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45. 


Engineering Circuit Analysis, 7 th Edition Chapter Five Solutions 10 March 2006 


(a) Removing terminal c, we need write only one nodal equation: 



5V 


o.i - v - 


— + ———, which may be solved to 
12 15 

yield Vb = 4 V. Therefore, V a b = Vth = 2-4 
= -2 V. 


R 


TH 


12 |i 15 


6.667 Q. 


We may then 


calculate In as In = Vth/ Rth 


-300 mA (arrow pointing upwards). 


(b) Removing terminal a, we again find Rth = 6.667 Q, and only need write a single 
nodal equation; in fact, it is identical to that written for the circuit above, and we once 
a gain find that Vb = 4 V. In this case, V T h = Vb c = 4 - 5 = -1 V, so I N = -1/ 6.667 


-150 mA (arrow pointing upwards). 
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46. (a) Shorting out the 88-V source and open-circuiting the 1-A source, we see looking 

into the terminals x and x' a 50-Q resistor in parallel with 10 Q in parallel with 
(20 Q + 40 Q), so 


R th = 50 || 10 || (20 + 40) 


7.317 Q 


Using superposition to determine the voltage V XX ' across the 50-Q resistor, we find 


V x 


Vth 


88 - 


88 


27.27 

37.27 


50||(20 + 40) 

10+ [50 || (20 + 40)] 


+ (1)(8.333) 


+ (1)(50 || 10) 
40 


40 


40+ 20+ (50 || 10) 


40 + 20 + 8.333 


69.27 V 


(b) Shorting out the 88-V source and open-circuiting the 1-A source, we see looking 
into the terminals y and y’ a 40-Q resistor in parallel with [20 Q + (10 Q || 50 Q)]: 


Rth = 40 || [20+ (10 || 50)] = 


16.59 Q 


Using superposition to determine the voltage Vyy across the 1-A source, we find 


Vyy - Vth - (1)(Rth) + 


59.52 V 



27.27 
10 + 27.27 


' 40 

v 20 + 40 


\ 

J 
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47. 


Engineering Circuit Analysis, 7 th Edition Chapter Five Solutions 10 March 2006 


(a) Select terminal b as the reference terminal, and define a nodal voltage Vi at the 
top of the 200-Q resistor. Then, 


0 


V.-20 , V,-V TH , V, 


[ 1 ] 


40 100 200 

1.5 zi = (V T h-Vi)/100 [2] 

where fi = Vi/200, so Eq. [2] becomes 150 Vf/200 +Vi - Vth = 0 [2] 

Simplifying and collecting terms, these equations may be re-written as: 


(0.25 + 0.1 + 0.05) Vi - 0.1 V TH = 5 
(1 + 15/20) Vi -Vth = 0 


[ 1 ] 

[ 2 ] 


Solving, we find that V T h = 38.89 V To find Rth, we short the voltage source and 
inject 1 A into the port: 


•to n Vj ioon 


—WV 


A/W 


0 


Y _y V V 

V| V in _j_ _L _|_ V 1 


"200! i 


<t>' 5 " cb v ‘' 

I 1A 


Ref. 

Combining Eqs. [2] and [3] yields 


100 
1.5 h + \ = 
h = Vi/ 200 

1.75Vi-V in 


40 200 

v -V, 

v in v 1 

100 


-100 


[ 1 ] 

[ 2 ] 

[3] 


[4] 


Solving Eqs. [1] & [4] then results in Vm = 177.8 V, so that R T h = V,,,/ 1 A = 


177.8 Q. 


(b) Adding a 100-Q load to the original circuit or our Thevenin equivalent, the 
voltage across the load is 
100 


Vioon - V 


TH 


100 + 177.8 


= 14.00 V, and so Pioon= (Vioon) / 100= 1.96 W. 
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48. We inject a current of 1 A into the port (arrow pointing up), select the bottom terminal 
as our reference terminal, and define the nodal voltage V x across the 200-Q resistor. 

Then, 1 = Vf 100 + (Vi - V x )/ 50 [1] 

-0.1 Vi = V x / 200 + (V x - Vi)/ 50 [2] 

which may be simplified to 


3 Vi - 2 V x = 100 [1] 

16Vi + 5V x = 0 [2] 


Solving, we find that V) = 10.64 V, so 


Rth - Vi/ (1 A) - 


10.64 Q. 


Since there are no independent sources present in the original network, 
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10 March 2006 


49. 


With no independent sources present, 


Vth - 0. 


We decide to inject a 1-A current into the port: 



Node ‘x’: 0.01 v a b = v x / 200 + (v x -Vf)/ 50 [1] 

Supemode: 1 = v ab / 100 + (vf- v x ) [2] 

and: v ab - v f = 0.2 v ab [3] 

Rearranging and collecting terms, 


-2 v ab + 5 v x -4 v f = 0 [1] 

v ab -2 v x + 2v f = 100 [2] 

0.8 v ab - v f = 0 [3] 

Solving, we find that v ab = 192.3 V, so Rth = v ab / (1 A) 


192.3 Q. 
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50. 


We first find Rth by shorting out the voltage source and open-circuiting the current 
source. 




47 ki! 

AW- 


10 left 


r 


Looking into the terminals a & b, we see 
Rth = 10 II 147+ (100 || 12)] 

= 8.523 Q. 


Returning to the original circuit, we decide to perform nodal analysis to obtain Vth: 
-12xl0 3 = (Vi- 12)/ lOOxlO 3 + Vi/12xl0 3 + (Vi-Vth)/47x10 3 [1] 

12xl0 3 = Vth/10x10 3 + (V TH -Vi)/ 47x1 0 3 [2] 

Rearranging and collecting terms, 


0.1146 Vi -0.02128 Vth = 
-0.02128 Vi + 0.02128 Vth 


Solving, we find that Vth = 


83.48 V. 


- 11.88 
= 12 


[ 1 ] 

[ 2 ] 
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Engineering Circuit Analysis, 7 th Edition Chapter Five Solutions 


(a) R T h - 4 + 2 || 

(b) same as above: 


2+10 = 

15 Q. 


15 Q. 


10 March 2006 
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Engineering Circuit Analysis, 7 th Edition 


Chapter Five Solutions 


52. For Fig. 5.78a, I N = 12/ ~0 —» qo A in parallel with ~ 0 Q 
For Fig. 5.78b, Vth = (2)(~co) —> oo V in series with ~oo Q. 


10 March 2006 
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53. 


With no independent sources present, 


V 


TH 


0 . 


Connecting a 1-V source to the port and measuring the current that flows as a result, 



I = 0.5 V x + 0.25 V x = 0.5 + 0.25 = 0.75 A. 

R th = 1/1 = 1-333 Q. 

The Norton equivalent is 0 A in parallel with 1.333 Q. 
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[ 1 ] 


Performing nodal analysis to determine Vth, 

100x1 O' 3 = V x /250 + V oc /7.5xl0 3 
and V x - V oc = 5 z' x 

where i x = V x / 250. Thus, we may write the second equation as 
0.98 V x -V oc = 0 [2] 

Solving, we find that V oc = V TH = 23.72 V. 


In order to determine Rth, we inject 1 A into the port: 



I A 


and V x - V ab = 5 i x = 5V x /250 or 
-V ab +(1 -5/250) V x = 0 [2] 

Solving, we find that V a b = 237.2 V. Since Rth = V a b/ (1 A). 
Finally, I N = V TH / Rth = 100 mA. 


Rth = 237.2 Q. 
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55. We first note that V TH = V x , so performing nodal analysis, 

-5 V x = V x / 19 which has the solution V x = 0 V. 

Thus, 


Vth (and hence In) = 0. 


(Assuming R T h ^ 0) 


To find Rth, we inject 1 A into the port, noting that R TH = V x / 1 A: 

-5 V x + 1 = V x / 19 


Solving, we find that V x = 197.9 mV, so that R TH = Rn = 197.9 mO. 
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56. Shorting out the voltage source, we redraw the circuit with a 1-A source in place of 
the 2-kQ resistor: 



0 = (v gs - V)/ 300 

1 - 0.02 v gs = V/ 1000 + (V - v gs )/ 300 
Simplifying & collecting terms, 


[ 1 ] 

[ 2 ] 


K gs 


-V = 0 


0.01667 v gs + 0.00433 V = 1 


[ 1 ] 

[ 2 ] 


Solving, we find that v gs = V = 47.62 V. Hence, Rth = V/ 1 A = 


47.62 Q. 
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We replace the source v s and the 300-Q resistor with a 1-A source and seek its 
voltage: 


V, + I'., 


v 2 



Since V = Vi, we have Ri n = V/ 1 A 


2MQ. 
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Removing the voltage source and the 300-Q resistor, we replace them with a 1-A 
source and seek the voltage that develops across its terminals: 

+ i'r, - 



kii 


We select the bottom node as our reference terminal, and define nodal voltages Vi 
and V 2 . Then, 

1 = Vi/2xl0 6 + (Vi-V 2 )/r n [1] 

0.02 Vji = (V 2 - Vi)/ r n + V 2 / 1000 + V 2 / 2000 [2] 

where v n = Vi - V 2 
Simplifying & collecting terms, 

(2xl0 6 + r TC ) Vj - 2xl0 6 V 2 = 2xl0 6 r 7t [1] 

-(2000 + 40 r n ) Vi + (2000 + 43 r„) V 2 = 0 [2] 

i _ , - T7 _ ,666.7 +14.33r„ 

Solving, we find that Vi = V = 2x10 

Thus, R th = 2 x 10 6 || (666.7 + 14.33 r„) Q. 


v 2x 10 + 666.7 +14.33 j 


PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to 
teachers and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 












www.elsolucionario.net 


59. 


Engineering Circuit Analysis, 7 th Edition Chapter Five Solutions 10 March 2006 


(a) We first determine v out in terms of v m and the resistor values only; in this case, 
Vth = Vout- Performing nodal analysis, we write two equations: 


0 = 


R. 


- + 


(-v rf -v fa ) {-v d -v 0 ) 


R, 


- + - 


R, 


[1] and 


0 = (^i) + (v^vJ p] 


R f 


R, 


Solving using MATLAB, we obtain: 

» el = 'vd/Ri + (vd + vin)/Rl + (vd + vo)/Rf = O'; 
» e2 = ’(vo + vd)/Rf + (vo - A*vd)/Ro = O’; 

» a = solve(el,e2,’vo','vd'); 

» pretty(a.vo) 

Ri vin (-Ro + Rf A) 


R1 Ro + Ri Ro + Rl Rf + Ri Rf + Rl Ri + A Rl Ri 


Thus, Vth 


vMK-ARf) 


R,R + R R + R,R. + R R, + R,R AR,R 

1 O 1 O 1 J l J 1 I 1 I 


which in the limit of A 


oo. 


approaches -Rf/Ri. 


To find Rth, we short out the independent source Vi n , and squirt 1 A into the terminal 
marked v out , renamed V T . Analyzing the resulting circuit, we write two nodal 
equations: 


0 = -^ 

R, R 


-^ + 


{~v d -v T ) 


R, 


[ 1 ] 


and 


(Vr + V rf) , ( v T - Av d ) 


R, 


R 


[ 2 ] 


Solving using MATLAB: 

» el = ’vd/Rl + vd/Ri + (vd + VT)/Rf = O’; 
» e2 = T = (VT + vd)/Rf + (VT - A*vd)/Ro'; 
» a = solve(el,e2,'vd’,’VT'); 

» pretty(a.VT) 


Ro (Ri Rf + Rl Rf + Rl Ri) 


Ri Ro + Rl Ro + Ri Rf + Rl Rf + Rl Ri + A Rl Ri 


Since Vj/1 = Vt, this is our Thevenin equivalent resistance (Rth)- 
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60 . 


Such a scheme probably would lead to maximum or at least near-maximum power 
transfer to our home. Since we pay the utility company based on the power we use, 
however, this might not be such a hot idea... 
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We need to find the Thevenin equivalent resistance of the circuit connected to Rl, so 
we short the 20-V source and open-circuit the 2-A source; by inspection, then 


Rth 


12 118 +5+6 


15.8 Q 


Analyzing the original circuit to obtain Vi and V 2 with R L removed: 

12 ft v, v 2 5 n 

AW—t—° 0 —W\r 

+ Vth - 


20 V 


6 



Ref. 


Vi = 20 8/ 20 = 8 V; V 2 = -2 (6) = -12 V. 
We define Vth = Vi - V 2 = 8 + 12 = 20 V. Then, 
400 


Pr t max 


V 

V T 


4 R l 4(15.8) 


6.329 W 


■6 ft 


© 


2 A 
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Engineering Circuit Analysis, 7 th Edition 


Chapter Five Solutions 


62. (a)R TH = 25 ||(10+ 15) = 12.5 Q 


Using superposition, V a b = Vth = 50 


(b) Connecting a 50-Q resistor, 


25 


15 + 10 + 25 


+ 100 


15 + 10 
50 


Pload 


V- 


TH 


75 


R TH + R load 


12.5 + 50 

(c) Connecting a 12.5-Q resistor. 

Pload 


90 W 


V. 


TH 


75 


4 R 


TH 


4(12.5) 


112.5 W 


10 March 2006 


75 V. 
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63. 


(a) By inspection, we see that z'i 0 = 5 A, so 
Vth = V a b = 2(0) + 3 z'io + 10 z'io = 13 /'io 


13(5) 


65 V. 


To find Rth, we open-circuit the 5-A source, and connect a 
terminals a & b: 



A simple KVL equation yields V x = 2(1) + 3/'io + 10 z'io. 
Since z'io = 1 A in this circuit, V x = 15 V. 


We thus find the Thevenin equivalent resistance is 15/1 


15 Q. 


(b) P max 


V. 


TH 


4 R, 


65 2 

4(15) 


70.42 W 


10 March 2006 


-A source between 
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64. 

(a) Replacing the resistor Rl with a 1-A source, we seek the voltage that develops across 
its terminals with the independent voltage source shorted: 





—10/| + 20 i x + 40/j — 0 
and z, - i x = 1 
Solving, z, = 400 mA 

So V = 40z, = 16V and 


[1] =^> 30^ + 204 = 0 [1] 

[2] => h-i x = 1 [2] 


1A 


16Q 


(b) Removing the resistor Rl from the original circuit, we seek the resulting open-circuit 
voltage: 



0 = v m -rni L+ v m -50 


where z 


20 40 

V TH -50 


r TH 


40 


so [1] becomes 0 = 


K 


TH 


1 


20 2 


[ 1 ] 


Vth-5 0 

40 


+ 


V m -50 

40 


v 

v T , 


0 _ ^ TH _|_ r TH 


V TU -50 


20 


80 


0 — 4F^y + — 50 

5V m = 50 
or V TH = 10 V 


Thus, if 


R, = R m = 16 Q, 


v =V 

r R, r TH 


R, 


R l + R m 



5 V 
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65. 

(a) 4 =2.5 A 


2.5A 



1 

2 A 

20 fl 


20 i 2 = 80 
i = 2 A 


By current division, 


(b) 

(c) 


R n + 20 

Solving, R n = R th =80Q 
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66 . 



R 


10 W to 250Q corresp to 200 mA. 
20 W to 80Q corresp to 500 mA. 


By Voltage h-, I r = I h 


So 0.2 = 7, 


R* 


(a) 


(b) 


(c) 


R + R\ 


R, 


250+ R. 


0.5=7, 


R> 


80 + 7?, 


[ 1 ] 

[ 2 ] 


Solving, I N =1.7A and R N =33.33Q 
If v, ij is a maximum, 



If v L is a maximum 


So v L is a maximum when R , 


R, is a maximum, which occurs at 


Then 


i, = 0 


and v L = 1.7 x R N = 


56.66V 


R l =go - 


If i, is a maximum 


R, 


Rn + Rl 


; max when 


R l =0Q 


So 


h. ~ 1-2A 


v i = o V 
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67. 


There is no conflict with our derivation concerning maximum power. While a dead 
short across the battery terminals will indeed result in maximum current draw from 
the battery, and power is indeed proportional to i 2 , the power delivered to the load is 
i Rload = i (0) = 0 watts. This is the minimum, not the maximum, power that the 
battery can deliver to a load. 
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68 . 


Remove Re: R m = R, IIR 


V-v V-v 

bottomnode: 1-3x10 v. =-- + - 


TH 

-3. 


at other node: 


0 = 


300 70xl0 J 

v n -V v„ 
+ —-+ - 


■V 


10xl0 3 300 

Simplifying and collecting terms 


70x 10 3 


[ 1 ] 


[ 2 ] 



.11 A 


210xl0 5 = 70xl0 3 F+300F + 63000 v* - 70x10 3 v* - 300 v* 
or 70.3x10 3 R-7300v ii = 210x10 5 [1] 

0 = 21 OOv^ + 70 x 10 3 - 70 x 10 3 V + 300+^ - 300R 

or-69.7xl0 3 R + 72.4xl0 3 v II = 0 [2] 

solving, V = 331 ,9V So R m = R E ||331.9Q 


Next, we determine vth using mesh analysis: 


-v s +70.3x10 3 / 1 -70x10 3 / 2 =0 
80 x 10 3 i 2 - 70 x 10 3 z'j + R E i 3 = 0 


and: i 3 - i 2 =3x10 


-3, 


or L -i 2 = 3x10 3 (10xl0 3 )i 


or z 3 — i 2 = 30z 2 


or 


Solving : 


— 3 14 +4 — 0 


70.3x 10 3 -70x 10 3 
-70x 10 3 80xl0 3 

0 -31 


[3] 


300 tl 


[ 1 ] 

[ 2 ] 

[3] 



Rn 


1- 

1 

_1 


1 

1_ 


4 

= 

0 


i 

u> 

1_ 


1 

O 

_i 


We seek iy 


-21.7x10V 


So Vqc — V m — R E 4 — 


^80 — 8 


7.24 x 10 6 +21.79x 10 3 i? £ 
-21.7 x 10 3 7 ? e 


7.24x10 6 + 21.79x10 3 R, 


l 

_i 

2 

-21.7 x lO 3 ^ 

R TH + 8 


7.24xl0 6 +21.79 x10 3 7? £ 


8 VS 2 


33L9Rg 

331.9 + R, 


11.35x10 6 (331.9 +i? £ ) 2 _ 2 


(7.24x10 6 +21.79x10 3 R £ ) 2 


-vs 


This is maximized by setting R E = 00 . 
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69. Thevenize the left-hand network, assigning the nodal voltage V x at the free end of 

right-most 1-kQ resistor. 

, V\ 

A single nodal equation: 40x10 =- 

7 x 10 3 

So V TH = V\ = 280 V 

in x \oc 

Rth = lk + 7k = 8 kQ 
Select Ri = Rth = 8 kO. 
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100 kQ 




D = R a +R b +R c = 1 + 850 + 0.1 = 851. lxlO 6 


*2 

R 3 


RaRb 

D 

Me 

D 

R C Ra 

D 
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0.1 ft 0.41i 


o-AAA/—' 

—WV—o 

11 O - 

— vw — 


Ri 

r 2 




0.9 ft 



V V V 

Ct 

0? 

V A A _ 


°—Wv— 


C O - - 




N — R R-* + R R ; + R ■ R- 

= 0.1x0.4+ 0.4x0.9 + 0.9x0.1 
= 0.49Q 
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72. 


A, : 1 + 6 + 3 = 100 


6x1 


= 0 . 6 . 


6x3 


10 10 

A 2 : 5 + 1 + 4 = 100 

’ 

10 10 

1.8 + 2 + 0.5 = 4.30 
0.3 + 0.6 + 0.4 = 1.30 
1.3)4.3 = 0.99820 
0.9982 + 0.6 + 2 = 3.5980 
3.598)6 =f 


2.2490 
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1 8 

3x — = 2.16Q 
25 

18 

4x — = 2.88Q 
25 

4x — = 0.48Q 
25 


9.48x2.16 + 9.48x2.88 + 2.88x2.16 = 54 Q 2 



54 

ZSS 

54 


= 18.75Q 
= 25Q 


54 

9AS 


= 5.696Q 


2.16 
75 ||l 8.75 = 15Q 

100||25 = 200 

(15 + 20)115.696 = 4.8990 


.-. R, =5 + 4.899 = 9.899Q 





19 
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74. 


We begin by converting the A-connected network consisting of the 4-, 6-, and 3-Q 
resistors to an equivalent Y-connected network: 


4 Q 




-vw 

R\ 


A/W- 

r 2 



D = 6 + 4 + 3 = 13Q 


*,= 


*2 = 


*3 = 



6x4 

D 

13 

R b R c 

4x3 

D 

13 

R c R a 

3x6 

D 

13 


= 1.846 Q 
= 923.lmD 
= 1.385Q 


Then network becomes: 


l2i j 1.846 Q 0.9231 Q 



Then we may write 


R m = 12 1| [13.846 + (19.3851| 6.9231)] 
= 7.347Q 
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Next, we convert the Y-connected network on the left to a A-connected network: 
lx 0.5 + 0.5x 2 + 2x1 = 3.5Q 2 


R 4 = — = 7Q 
0.5 

3 5 

R r = — = 1.75Q 
B 2 

3 5 

R r = — = 3.5Q 
c 1 


After this procedure, we have a 3.5-fi resistor in parallel with the 2.5-Q resistor. Replacing 
them with a 1.458-Q resistor, we may redraw the circuit: 


1.75 11 o.25 n 



This circuit may be easily analysed to find: 


12x1,458 
oe ~ 1.75 + 1.458 
R m = 0.25 + 1.4581|1.75 
= 1.045Q 


5.454V 
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76. We begin by converting the Y-network to a A-connected network: 


TV = 1.1 + 1.1 + 1.1 = 3 Q 2 

R =-= 3Q 

1 

R b =- = 30 

B 1 

R r =- = 3Q 
c 1 


3 Q 



Next, we note that 13 = 0.750, and hence have a simple A-network. This is easily 
converted to a Y-connected network: 


0.75 + 3 + 3 = 6.750 


R t = °' 75x3 =0.33330 


R , = 


*3 = 


6.75 

3x3 


6.75 
3x0.75 
6.75 


= 1.3330 


= 0.33330 



Analysing this final 
circuit, 


R n = 1.333 + 0.3333 
= 1.6670 

7 -7 -1 1 11 

N sc X 1/3 + 1 + 1/3 

1 _ 1 

~l+3+l~5 
= 0.2 A 
= 200 mA 
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Since 1 V appears across the resistor associated with f, we kn ow that Ij = 1 V/ 10 Q 
= 100 mA. From the perspective of the open terminals, the 10-Q resistor in parallel 
with the voltage source has no influence if we replace the “dependent” source with a 
fixed 0.5-A source: 



Then, we may write: 


-1 +(10+ 10+ 10)4- 10(0.5) = 0 


so that 4 = 200 mA. 

We next find that V T h = V a b = 10(-0.5) + 10(4 - 0.5) + 10(-0.5) = 


-13 V. 


To determine Rth, we first recognise that with the 1-V source shorted, f = 0 and 
hence the dependent current source is dead. Thus, we may write Rth from inspection: 


R 


TH 


10 + 10 + 10 1120 


26.67 Q. 
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78. (a) We begin by splitting the 1-kQ resistor into two 500-Q resistors in series. We then 

have two related Y-connected networks, each with a 500-Q resistor as a leg. 
Converting those networks into A-connected networks, 

X = (17)( 10) + (1)(4) + (4)( 17) = 89x106 Q 2 

89/0.5 = 178 kQ; 89/ 17 = 5.236 kQ; 89/4 = 22.25 kQ 

Following this conversion, we find that we have two 5.235 kQ resistors in parallel, 
and a 178-kQ resistor in parallel with the 4-kQ resistor. Noting that 5.235 k || 5.235 k 
= 2.618 kQ and 178 k || 4 k = 3.912 kQ, we may draw the circuit as: 


178 kQ 


27.49 kQ 


27.49 kQ: 


3.912 kQ 


233.6 kQ 

-VA- 

We next attack the Y-connected network in the center: 

X = (22.25)(22.25)+ (22.25)(2.618) +(2.618)(22.25) = 611.6x106 Q 2 
611.6/ 22.25 = 27.49 kQ; 611.6/ 2.618 = 233.6 kQ 


Noting that 178 k || 27.49 k = 23.81 kQ and 27.49 || 3.912 = 3.425 kQ, we are left 
with a simple A-connected network. To convert this to the requested Y-network, 

X = 23.81 +233.6 + 3.425 = 260.8 kQ 

(23.81)(233.6)/ 260.8 = 21.33 kQ 
(233.6)(3.425)/260.8 = 3.068 kQ 
(3.425)(23.81)/ 260.8 = 312.6 Q 
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79. (a) Although this network may be simplified, it is not possible to replace it with a 

three-resistor equivalent. 

(b) See (a). 
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80. First, replace network to left of the 0.7-V source with its Thevenin equivalent: 



Analysing the new circuit to find 7 b, we note that 7c = 250 7 b: 


-2.609 +13.04 x10 3 7 5 + 0.7 + 5000(7*+2507*) = 0 


7 


c 


2.609-0.7 

13.04xl0 3 + 251x5 0 00 
250I b =3.764x 10 "* A 
= 376.4 pA 


1.505 pA 
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81. (a) Define a nodal voltage Vi at the top of the current source I s , and a nodal voltage 

V 2 at the top of the load resistor Rl. Since the load resistor can safely dissipate 1 W, 
and we know that 

V 2 

T3 - V 2 

Lr — - 

L 1000 

then V 2 | = 31.62 V . This corresponds to a load resistor (and hence lamp) current 

of 32.62 mA, so we may treat the lamp as a 10.6-Q resistor. 

Proceeding with nodal analysis, we may write: 

Is = Vi/ 200 + (Vi - 5 V x )/ 200 [1] 

0 = V 2 / 1000 + (V 2 - 5 Vx)/ 10.6 [2] 

V x = V! - 5 V x or Vx = Vi/ 6 [3] 

Substituting Eq. [3] into Eqs. [1] and [2], we find that 

7Vi = 1200 I S [1] 

-5000 Vi + 6063.6 V 2 = 0 [2] 

Substituting V 2 | m ^ = 31.62 V into Eq. [2] then yields Vi = 38.35 V, so that 
Is l max = ( 7 )( 38 - 35 )/ 1200 = 223.7 mA. 

(b) PSpice verification. 



The lamp current does not exceed 36 mA in the range of operation allowed 
(i.e. a load power of < 1 W.) The simulation result shows that the load will dissipate 
slightly more than 1 W for a source current magnitude of 224 mA, as predicted by 
hand analysis. 
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82. Short out all but the source operating at 10 4 rad/s, and define three clockwise mesh 
currents i\, 6, and 6 starting with the left-most mesh. Then 

608 z'i — 300 z '2 = 3.5 cos 10 4 / [1] 

-300 /1 + 316 *2-8 6 = 0 [2] 

-8 h + 322 h = 0 [3] 

Solving, we find that i\(t) = 10.84 cos 10 4 / mA 
h{t) = 10.29 cos 10 4 /mA 
h{t) = 255.7 cos 10 4 /pA 

Next, short out all but the 7 sin 200/ V source, and and define three clockwise mesh 
currents 4, 6, and 4 starting with the left-most mesh. Then 

608 4 - 300 4 = -7 sin 200/ [1] 

-300 4 + 316 4-8 4 = 7 sin 200/ [2] 

-8 4 + 322 4 = 0 [3] 

Solving, we find that 4(0 = -1.084 sin 200/ mA 
4(0 = 21.14 sin 200/ mA 
4(0 = 525.1 sin 200/ pA 

Next, short out all but the source operating at 10 rad/s, and define three clockwise 
mesh currents 4, 4, and 4 starting with the left-most mesh. Then 

608 /a- 300 z B = 0 [1] 

-300 4 + 3164-8 4 = 0 [2] 

-8 4 + 322 4 = -8 cos 10 4 / [3] 

Solving, we find that 4(0 = -584.5 cos 10 3 / pA 
4(0 = -1.185 cos 10 3 /mA 
4(0 = -24.87 cos 10 3 /mA 

We may now compute the power delivered to each of the three 8-0 speakers: 


Pi = 8[/j + 4 + 4] 2 = 8[10.84xl0' 3 cos 10 4 /-1.084x10' 3 sin 200/-584.5xl0' 6 cos 10 3 tf 
Pi = 8[6 + 4 + 4] 2 = 8[10.29xl0' 3 cos 10 4 /+21.14x1 O' 3 sin 200/-1.185x1 O' 3 cos 10 3 tf 
p 3 = 8[4 + 4 + 4] 2 = 8[255.7xl0" 6 cos 10 4 /+525.1xl0' 6 sin 200/-24.87xl0' 3 cos 10 3 tf 
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83. Replacing the DMM with a possible Norton equivalent (a 1-MQ resistor in parallel 
with a 1-A source): 



We begin by noting that 33 Q || 1 Mfi « 33 Q. Then, 

0 = (Vi-V m )/33+Vi/275xl0 3 [1] 

and 

1 -0.7 Vi = V in / 10 6 + V in /33xl0 3 + (V in -Vi)/33 [2] 

Simplifying and collecting terms, 

(275xl0 3 + 33) Vi - 275xl0 3 V m = 0 [1] 

22.1 Vi +1.001 Vi, = 33 [2] 


Solving, we find that Vi n = 1.429 V; in other words, the DMM sees 1.429 V across its 
terminals in response to the known current o f 1 A it’s supplying. It therefore thinks 


that it is connected to a resistance of 1.429 Q. 
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84. We know that the resistor R is absorbing maximum power. We might be tempted to 

say that the resistance of the cylinder is therefore 10 Q, but this is wrong: The larger 
we make the cylinder resistance, the small the power delivery to R: 


P R = 10 i 2 


10 


120 


^cylinder ^ ^ 


Thus, if we are in fact delivering the maximum possible power to the resistor from the 
120-V source, the resistance of the cylinder must be zero. 


This corresponds to a temperature of absolute zero using the equation given. 
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85. We note that the buzzer draws 15 inA at 6 V, so that it may be modeled as a 400-Q 
resistor. One possible solution of many, then, is: 



Note: construct the 18-V source from 12 1.5-V batteries in series, and the two 400-Q 
resistors can be fabricated by soldering 400 1-Q resistors in series, although there’s 
probably a much better alternative... 
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86 . 


To solve this problem, we need to assume that “45 W” is a designation that applies 
when 120 Vac is applied directly to a particular lamp. This corresponds to a current 
draw of 375 inA, or a light bulb resistance of 120/ 0.375 = 320 Q. 


lampl 


Iamp2 


iamp_3 




Original wiring scheme 


New wiring scheme 


In the original wiring scheme, Lamps 1 & 2 draw (40)2 / 320 = 5 Wof power each, 
and Lamp 3 draws (80)2 / 320 = 20 W of power. Therefore, none of the lamps is 
running at its maximum rating of 45 W. We require a circuit which will deliver the 
same intensity after the lamps are reconnected in a A configuration. Thus, we need a 
total of 30 W from the new network of lamps. 


There are several ways to accomplish this, but the simplest may be to just use one 
120-Vac source connected to the left port in series with a resistor whose value is 



120 


213.3 
Rs + 213.3 


320 


+ 2 


60 


213.3 
Rs + 213.3 


320 


30 


Solving, we find that we require Rs = 106.65 Q as confirmed by the PSpice 


simulation below, which shows that both wiring configurations lead to one lamp with 
80-V across it, and two lamps with 40 V across each. 
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87. 

• Maximum current rating for the LED is 35 inA. 

• Its resistance can vary between 47 and 117 Q. 

• A 9-V battery must be used as a power source. 

• Only standard resistance values may be used. 

One possible current-limiting scheme is to connect a 9-V battery in series with a 

resistor Rumiong and in series with the LED. _ 

From KYL, 


^limiting ^ LED 


The maximum value of this current will occur at the minimum LED resistance, 47 Q. 
Thus, we solve 


35xl0' 3 


9 


R 


limiting 


+ 47 


to obtain Riimitmg >210.1 Q to ensure an LED current of less than 35 mA. This is not a 
standard resistor value, however, so we select 
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R f 

1. This is an inverting amplifier, therefore, V out = — —V in 

R \ 

So: 


a) V out = 

b) V out = 

c) V out = 
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2. This is also an inverting amplifier. The loading resistance R s only affects the output 
current drawn from the op-amp. Therefore, 


a) 

b) 

c) 


V... 


v„. 


v„. 
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3. 


For this inverting amplifier, v out 
a ) v out =-10v,„ = -20sin5t 


\0k 

Ik 


X v. 


-10v ; „. Therefore, 



b) v OIri =-10v ; ,=-10-5sin5f 



-5 V 


-10 V 


-15 V 
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R f 

4. For this inverting amplifier, v out = - —v in = -0.1 v in , hence, 

R 

a ) v ou , =-°- 1 v i >, =-cos4i 



b ) v ou, =-0.1v ta =-1.5-0.4cos4t 



71 / 2 71 371 / 2 271 


10 March 2006 
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5. One possible solution is by using an inverting amplifier design, we have 



Using standard resistor values, we can 


have 


Rf=9.1 kf> and R; n =5.1 kf> 
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6. One possible solution is by using an inverting amplifier design, and a -5V input to 
give a positive output voltage: 


Rf 



The resistance values are given by: 


20 

R in " 5 


Giving possible resistor values 


Rf = 20 kf2 and Ri n = 5.1 1<Q 
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7. To get a positive output that is smaller than the input, the easiest way is to use 
inverting amplifier with an inverted voltage supply to give a negative voltage: 



The resistances are given by: 


Rj_ _ L5 
K “ 5 


Giving possible resistor values 


Rf = 1.5 kf2 and R; n = 5.1 kf2 
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8. Similar to question 7, the following is proposed: 



The resistances are given by: 

= 3 

K 9 


Giving possible resistor values 


Rf = 3.0kf2 and Ri n = 9.1 kf2 
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9. This circuit is a non-inverting amplifier, therefore, V out = (1 ■+—— 

R \ 

So: 


a) ^«t=a + —) x 300m = 1.71V 

b) r„=0+^)xl.5 = 3V 

1M 

c) ^=(l + |f)x-l = -2.42 V 


10 March 2006 

y m 


PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to 
teachers and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 




www.elsolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Six Solutions 10 March 2006 

10. This is again a non-inverting amplifier. Similar to question 9, we have: 

a) V out = 200 m x (1 + 4.7) = 1.14 V 

b) V out = (1 + l)x9 = -18 V 

c) V out = 7.8 x 100m = 0.78 V 
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11 • v out = (1 + j )v jn = 2v jn for this non inverting amplifier circuit, therefore: 
a ) Kn,, = 2 f„ =8sin 10/ 



b) v oll ,=2v,„=2 + 0.5sinl0r 
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12. v out = (1 ■+—— )v in = 1 ,5v m for this non inverting op-amp circuit. Hence, 



b) v ou , =l-5v,„ = 6 + 1.5cos2t 



7.5 V 

6 V 

5.5 V 
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13. The first step is to perform a simple source transformation, so that a 0.15-V source in 
series with a 150-Q resistor is connected to the inverting pin of the ideal op amp. 


Then, v out = - ^^(0.15) = 


-2.2 V 
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In order to deliver 150 mW to the 10-kQ resistor, we need v out = 

-\/(0.15)(10x 10 3 ) = 38.73 V. Writing a nodal equation at the inverting input, 
we find 



5 - v„ 


1000 


Using v out = 38.73, we find that 


R= 148.2 Q. 
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15. Since the 670-Q switch requires 100 mA to activate, the voltage delivered to it by our 
op amp circuit must be (670)(0.1) = 67 V. The microphone acts as the input to the 
circuit, and provides 0.5 V. Thus, an amplifier circuit having a gain = 67/0.5 = 134 is 
required. 


One possible solution of many: a non-inverting op amp circuit with the microphone 
connected to the non-inverting input terminal, the switch connected between the op 
amp output pin and ground, a feedback resistor Rf = 133 Q, and a resistor R i = 1 Q. 
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16. We begin by labeling the nodal voltages v. and v+ at the inverting and non-inverting 

input terminals, respectively. Since no current can flow into the non-inverting input, 
no current flows through the 40-kQ resistor; hence, v+ = 0. Therefore, we know that 
v. = 0 as well. 


Writing a single nodal equation at the non-inverting input then leads to 


or 


Solving, 


0 = (V.-V s ) + (V.-Vout) 
100 22000 


O | out 

100 22000 


v out = -220 v s 
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17. We first label the nodal voltage at the output pin V G . Then, writing a single nodal 
equation at the inverting input terminal of the op amp, 


0 


4 I 3_ + 4 1 V^ 
1000 17000 


Solving , we fine 
resistor, Vi = 21 


that V 0 = 21 V. Since no current can flow through the 300-kQ 
as well. 
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18. A source transformation and some series combinations are well worthwhile prior to 

launching into the analysis. With 5 kQ || 3 kQ = 1.875 kQ and (1 mA)(1.875 kQ) = 
1.875 V, we may redraw the circuit as 



This is now a simple inverting amplifier with gain - Rf/ Ri = -75.33/ 1.975 = -38.14. 
Thus, 


V 2 =-38.14(3.975) = 


-151.6 V 
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19. This is a simple inverting amplifier, so we may write 


v 


out 


-2000 

1000 


(2 + 2sin3t) 


Voutfi = 3 s) = -5.648 V. 


4(l + sin 3f)V 


10 March 2006 
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20. We first combine the 2 Mfi and 700 kQ resistors into a 518.5 kQ resistor. 


We are left with a simple non-inverting amplifier having a gain of 
1 +518.5/250 = 3.074. Thus, 


v out = (3.074) v in =18 so 


v in = 5.856 V. 
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This is a simple non-inverting amplifier circuit, and so it has a gain of 1 + Rf/ R|. 

We want v ou t = 23.7 cos 500t V when the input is 0.1 cos 500t V, so a gain of 23.7/0.1 
= 237 is required. 

One possible solution of many: 


Rf = 236 kQ and Ri = 1 kQ. 
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Define a nodal voltage V. at the inverting input, and a nodal voltage V+ at the non¬ 
inverting input. Then, 


6 V 

At the non-inverting input: -3x10 = 


1.5 x 10 


[ 1 ] 


Thus, V+ = -4.5 V, and we therefore also know that V. = -4.5 V. 
At the inverting input: 


V V -V 
0 = —- + —-^ [ 2 ] 

r 6 r 7 


Solving and making use of the fact that V. = -4.5 V, 


vout = -—^-(4.5) - 4.5 
R* 



PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to 
teachers and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 







www.elsolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Six Solutions 10 March 2006 

23. (a) B must be the non-inverting input: that yields a gain of 1 + 70/10 = 8 and an 

output of 8 V for a 1-V input. 

(b) Ri = oo, R a = 0. We need a gain of 20/10 = 2, so choose R 2 = Rb = 1 £2. 

(c) A is the inverting input since it has the feedback connection to the output pin. 
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24. It is probably best to first perform a simple source transformation: 
(1 mA)(2 kfi) = 2 V. 



Since no current can flow into the non-inverting input pin, we know that V+ = 2 V, 
and therefore also that V. = 2 V. A single nodal equation at the inverting input yields: 


0 


which yields 


Vout = -11 V. 


2-3 | 2-v out 

1000 13000 
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25. We begin by find the Thevenin equivalent to the left of the op amp: 
Vth = -3.3(3) v n = -9.9 \ n = -9.9^^ = -9v s 
Rth = 3.3 kQ, so we can redraw the circuit as: 



which is simply a classic inverting op amp circuit with gain of -100/3.3 = -30.3. 


Thus, Vout = (-30.3X -9 v s ) = 272.7 v s 


For vs = 5 sin 3 1 mV, v ou t = 1 -364 sin 3 1 V, and 


v out (0.25 s) = 0.9298 V. 
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26. We first combine the 4.7 Mfi and 1.3 kf2 resistors: 4.7 Mfi || 1.3 kQ = 1.30 kQ. 

Next, a source transformation yields (3 x 10‘ 6 )( 1300) = 3.899 mV which appears in 
series with the 20 mV source and the 500-0 resistor. Thus, we may redraw the circuit 
as 



Since no current flows through the 1.8 kQ resistor, V+ = 23.899 mV and hence 

V. = 23.899 mV as well. A single nodal equation at the inverting input terminal yields 


Solving, 


23.899x IQ' 3 23.899x IQ' 3 - u out 

500 37.7 xlO 3 


v out = 1-826 V 
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27. We first combine the 4.7 Mfi and 1.3 kQ resistors: 4.7 Mfi || 1.3 kQ = 1.30 kQ. 

Next, a source transformation yields (27 x 10" 6 )( 1300) = 35.1 mV which appears in 
series with the 20 mV source and the 500-Q resistor. Thus, we may redraw the circuit 
as 



Since no current flows through the 1.8 kQ resistor, V+ = 55.1 mV and hence 

V. = 55.1 mV as well. A single nodal equation at the inverting input terminal yields 


Solving, 


55.1 x IQ' 3 55.lx IQ' 3 - y out 
500 37.7 xlO 3 


v ou t = 4.21 V 
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28. The 3 mA source, 1 kQ resistor and 20 kQ resistor may be replaced with a -3 V 

source (“+” reference up) in series with a 21 kQ resistor. No current flows through 
either 1 MQ resistor, so that the voltage at each of the four input terminals is 
identically zero. Considering each op amp circuit separately, 


V 

out ILEFTOPAMP 

V 

out IRIGH OPAMP 


= -(- 3 ) 
= -( 5 ) 


100 

21 

100 

To" 


= 14.29 V 
= -50 V 


v x = v A 

x Out I LEFTOPAMP 


RIGH OPAMP 


64.29 V. 
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A general summing amplifier with N input sources: 



* ^ Amt 


1. V a = V b = 0 

2. A single nodal equation at the inverting input leads to: 


v—v v— V, V — V— Vx, 

q _ * a v out _|_ a v 1 _|_ _a_2_ _|_ _|_ _a 


R f Rj R 2 R n 


Simplifying and making use of the fact that v a = 0, we may write this as 


1 JL 

rm. 


Rf i=i 


= AfR, + 


Rl ;=1 


2 1=1 


R 


N i=l 


or simply 


Thus, 


R^ Rj R-, 


+ ... + - 


R» 
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30. A general difference amplifier: 


R 4 


Writing a nodal equation at the inverting input, 

iV v, v_-v 

R 


Q _ _ a 1 1 _|_ r a r out 


1 R f 

Writing a nodal equation at the non-inverting input, 

. V h V K - V, 

0 = -A- + b 2 


R 3 r 2 

Simplifying and collecting terms, we may write 

(R f + Ri) v a - Ri Vout = Rf vi 
(R2 + R3) Vb = R3 V2 

Ri 


From Eqn. [2], we have v b 


R 2 +R3 



Since va = vb, we can now rewrite Eqn. [1] as 

(R f + Rj )R 3 


[ 1 ] 

[ 2 ] 


- R i v out = r Ai - 


R 2 +R 3 


and hence 


v, + 


R, 


Rf 

R i ‘ R i 


R t + Rj 

v R 2 +R,y 
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31. In total darkness, the CdS cell has a resistance of 100 kQ, and at a light intensity L of 
6 candela it has a resistance of 6 kQ. Thus, we may compute the light-dependent 
resistance (assuming a linear response in the range between 0 and 6 candela) as Reas = 
-15L+ 100 Q. 

Our design requirement (using the standard inverting op amp circuit shown) is that the 
voltage across the load is 1.5 V at 2 candela, and less than 1.5 V for intensities greater 
than 2 candela. 


Thus, v out (2 candela) = -Reas vs/ Ri = -70 Vs/ Ri = 1.5 (Ri in kQ). 

Pick Rj = 10 kQ. Then v s = -0.2143 V. 


PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to 
teachers and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 



www.elsolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Six Solutions 10 March 2006 


32. We want R f / Rmstrument = 2K, and Rf/ R VO cai = IK, where K is a constant not specified. 
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33. One possible solution of many: 


99 kQ 



PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to 
teachers and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 
















www.elsolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Six Solutions 10 March 2006 


34. 


To get the average voltage value, we want v out 


0 + U + U 

3 


. This voltage stays 


positive and therefore a one stage summing circuit (which inverts the voltage) is not 
sufficient. Using the cascade setup as shown figure 6.15 and modified for three inputs 



V\ v 1 y -K v , 

R \ ^2 ^3 


If we assume Ri=R 2 =R 3 =R, then 


v _ p v, + v 2 + v 3 

v o - ~ R h - 


R 

Using the nodal equation at the inverting input of the second op-amp, we have: 

~ v ou t _ v o _- R n u+v 2 +v 3 


R fi R 4 R 4 


R 


Or, 


v.. 


R f2 R f V l+ V 2+ V 3 


R, 


R 


For simplicity, we can take Re = Rfi = 10= R x , then, to give a voltage average, 


Vi+v 2 +v 3 V!+v 2 +v 3 


I.e. R x /R = 3. Therefore, the circuit can be completed with Ri = R 2 = R 3 = 30 1<Q and 
Re = Rfi = R 4 = 10 kf 2 
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35. 


The first stage is to subtract each voltage signal from the scale by the voltage 
corresponding to the weight of the pallet (V tar e). This can be done by using a 
differential amplifier: 



The resistance of R can be arbitary as lon g as they resistances of each resistor i s the 


same and the current rating is not exceeded. A good choice would be R = 10 kfl 


The output voltage of the differential amps from each of the scale, Vi - V 4 (now gives 
the weight of the items only), is then added by using a two stage summing amplifier: 



The output is given by: 


V 


out 


R f 2 R f\ Vi+V 2 +V 3 +V4 

K R 


Therefore, to get the sum of the voltages vi to va. we on ly need to set all resistances to 


be equal, so setting Ro = Rfi = Rin = R =10 kQ would give an output that is 


proportional to the total weight of the items 
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36. a) Using a difference amplifier, we can provide a voltage that is the difference 
between the radar gun output and police speedometer output, which is proportional to 
the speed difference between the targeted car and the police car. Note that since a 
positive voltage is required which the police car is slower, the police speedometer 
voltage would be feed into the inverting input: 


R 



Again, R can be arbitary as long as they are equal and doesn’t give an excessive 
current. 10 kQ is a good choice here. 

b) To convert to kph (km per hour) from mph (miles per hour), it is noted that 1 mph 
= 1.609 kph. Therefore, the voltage output from each device must be multiplied by 
1.609. This can be done by using a non-inverting amplifier, which has an output given 
by: 


v„„=(l + ^)v„= 1.609V, 


This gives Rf/Rin =0.609 ~ 61/100, i.t. Rf = 6.2 k Q and Ri n =10 k Q 


Rf 
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37. 


v out of stage 1 is (l)(-20/ 2) = -10 V. 


v out of stage 2 is (-10)(-1000/ 10) 


1000 V 


Note: in reality, the output voltage will be limited to a value less than that used to 
power the op amps. 
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We have a difference amplifier as the first amplifier stage, and a simple voltage 
follower as the second stage. We therefore need only to find the output voltage of the 
first stage: v out will track this voltage. Using voltage division, then, we find that the 
voltage at the non-inverting input pin of the first op amp is: 


V, 


R, 


V R 2 + R 3 J 


and this is the voltage at the inverting input terminal also. Thus, we may write a 
single nodal equation at the inverting input of the first op amp: 


0 = -1 
R, 


V, 


R, 


V R 2 + R 3 7 


- V, 


+ 


1 

r; 


V, 


R, 


V R 2 +R 3 7 


V„. 


I Stage 1 


which may be solved to obtain: 


V = V 

v out v out 


1 

+ 

tf-1 

P*H 

1 Stage 1 

c R l J 


R, 


r 2 + r 3 


V, -Blv. 

R, 
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39. The output of the first op amp stage may be found by realising that the voltage at the 
non-inverting input (and hence the voltage at the inverting input) is 0, and writing a 
ingle nodal equation at the inverting input: 

0 = - ° ut ^ tagel + ^ ^ which leads to V J = -114.1 V 

^~j j -y oul lsteagel 


This voltage appears at the input of the second op amp stage, which has a gain of 
-3/ 0.3 = 10. Thus, the output of the second op amp stage is —10(-114.1) = 1141 V. 
This voltage appears at the input of the final op amp stage, which has a gain of 


-47/0.3 = -156.7. 


Thus, the output of the circuit is 
utterly ridiculous. 


-156.7(1141) 


-178.8 kV, which is completely and 
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40. The output of the top left stage is -1(10/ 2) = -5 V. 

The output of the middle left stage is -2(10/ 2) = -10 V. 

The output of the bottom right stage is -3(10/ 2) = -15 V. 

These three voltages are the input to a summing amplifier such that 


Vout 


R 

100 


(-5-10-15) 


Solving, we find that 


R = 33.33 Q. 


10 
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41. Stage 1 is configured as a voltage follower: the output voltage will be equal to the 

input voltage. Using voltage division, the voltage at the non-inverting input (and 
hence at the inverting input, as well), is 


5——— = 1.667 V 
100 + 50 


The second stage is wired as a voltage follower also, so 


v out = 1.667 V. 
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42. a) Since the voltage supply is higher than the Zener voltage of the diode, the diode is 
operating in the breakdown region. This means Vo = 4.7 V, and assuming ideal op- 
amp, Vi = Vo= 4.7 V. This gives a nodal equation at the inverting input: 

4.7 _ V 3 -4,7 
lk 1 . 1 k 


Solving this gives V 3 = 9.87 V 


b) PSpice simulation gives: 



It can be seen that all voltage values are very close to what was calculated. The 
voltage output V 3 is 9.88Vinstead of 9.87 V. This can be explained by the fact that the 
operating voltage is slightly higher than the breakdown voltage, and also the non-ideal 
characteristics of the op-amp. 
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43. The following circuit can be used: 



The circuit is governed by the equations: 

R f 

K in 

And 


V = V = V 

r 1 '2 r diode 


Since the diode voltage is 5.1 V, and the desired output vo ltage is 5 .1 V, we have 


Rf/Rin = 0 In oilier wo rds, a voltage follower is needed with 
arbitary - |Ri n = 100 kfl would be sufficient. 


Rf — 0f2. 


and R n can be 


The resistor value of R2 is determined by: 


V -V 

_ s _ diode 

2 ~ / 

1 ref 


At a voltage of 5.1 V, the current is 76 mA, as described in the problem. This gives 
R 2 ~ 51 f2 using standard resistor values. 
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44. For the Zener diode to operate in the breakdown region, a voltage supply greater than 
the breakdown voltage, in this case 10 V is needed. With only 9 V batteries, the 
easiest way is the stack two battery to give a 18 V power supply. Also, as the input is 
inverted, an inverting amplifier would be needed. Hence we have the following 
circuit: 



R f 

V = - -V. 

out D in 

K- 


Here, the input voltage is the diode voltage = 10 V, and the desired output voltag e is - 
2.5 V. This gives Rf/R; n = 25 / 100 = 50 / 200, or R f = 51 kf2 and Rj n = 200 kf2 using 
standard values. Note that large values are chosen so that most current flow through 
the Zener diode to provide sufficient current for breakdown condition. 


The resistance R is given by 
values. 


R = (18-10) V /25 mA = 320 Q = 330 Q using standard 
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45. For a 20 V Zener diode, three 9 V batteries giving a voltage of 27 V would be needed. 
However, because the required voltage is smaller than the Zener voltage, a non¬ 
inverting amplifier can not be used. To use a inverting amplifier to give a positive 
voltage, we first need to invert the input to give a negative input: 



In this circuit, the diode is flipped but so is the power supply, therefore keeping the 
diode in the breakdown region, giving V in = -20 V. Then, using the inverting amp 
equation, we have Rf / R, n 
standard resistor values. 


12/20 giving Rf = 120 kff and Ri n = 200 kfi> using 


The resistance R is then given by R = (-20 - -27) V / 12.5 inA = 560 f2 using standard 
resistor values. 
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46. a) using inverting amplifier: 



Rf/Rin = 5/3.3 giving Rf = 51 kf2 and Rj n = 33 kfl R = (9-3.3) V / 76 rnA = 75 O) using 


standard resistor values. 



Correspondingly, the resistor values needs to be change d: 


Rf / Rin = 3.3/2.2 giving Rf = 33 1<Q and R m = 22 kfl 


R would be the same as before 


as the voltage ditterence between supply and diode stays the same i.e. 


R = 75 f2. 
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47. The following setup can be used: 


RL 



Is = I = 10 V / R 
taking half of max r 

= 25 mA assuming ideal op-amp. This gives 

R = 400 a 

Again, 

urrent rating as the operating current, we get 

Rj = (12- 10) V/2f 

mA = 80 Q = 82 f2 

using standard values. 


PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to 
teachers and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 

































www.elsolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Six Solutions 10 March 2006 


48. 


Using the following current source circuit, we have: 



I s = I = 12.5 inA = 20 V / R, assumin g ideal op-amp This gives R = 1.6 kf2 and Ri = 


(27-20)/ 12.5 mA = 560 n. 
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49. In this situation, we know that there is a supply limit at ±15 V, which is lower than the 
zener diode voltage. Therefore, previous designs need to be modified to suit this 
application. One possible solution is shown here: 



Here, we have Is = I = (77-7.0)/ R =75 mA, assuming infinite op-amp input 
resistance. This gives lR = 9Ul ~ 91 Ul using standard values. We also have R1 = (27- 


20)/ 12.5 mA = 560 Q 


Now look at the range of possible loads. The maximum output voltage is 
approximately equal to the supply voltage, i.e. 15 V. Therefore, the minimum load is 
given by Rl = (20 - 15) V / 75 mA = 66.67 Q. Similarly, the maximum load is given 


by RL = (20 - -15) V/ 75 m A = 466.67 Q. i.e. this design is suitab 


466.67 Q > Rt >66.67 0. 


e for 
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50. 






(a) v a = Vb = 1 nV .'. Vd = 0 and v out = 0. Thus, P 8 n = 0 W. 

(b) v a = 0, Vb = 1 nV .'. Vd = -1 nV 

v out = (2x10 5 )(-1x10‘ 9 ) 8 


- = -19.28 pV. Thus, P 8n = — = 46.46 pW. 

75 + 8 8 


(c) v a = 2 pV, Vb = 1 fV Vd = 1.999 pV 

8 v 2 

Vout = (2x 10 5 )( 1.999x 10" 12 )- = 38.53 nV. Thus, P 8n = — H 185.6 aW 

75 + 8 8 


(c) v a = 50 pV, Vb = -4 pV Vd = 54 pV 


v out = (2 x10 5 )(54x10‘ 6 ) 8 


= 1.041 V. Thus, Psn = — = 135.5 rnW. 

75 + 8 8 
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51. 





Writing a nodal equation at the “-v d ” node, 


0 = ' V d | ~ V d- V S + - V d ~ V Oi 

R- R, R, 


[ 1 ] 


or (RiRf + Ri n Rf + Ri n Ri) Vd + RinRiv 0U t - -RinRfVs [1] 
Writing a nodal equation at the “v out ” node, 

' ^ 

[ 2 ] 


0 = - V out - Av d + V out -(~ V d) 


R„ 


R r 


Eqn. [2] can be rewritten as: 

.. _ -(r,+rJ 


R - AR, 


so that Eqn. [1] becomes: 

Pout — 


P] 

R..(AR,-Rjv s 


AR in R l + R f R l + R in R f + R m R l + R o R l + R o R i, 


where for this circuit, A = 10, R in = 10 TO, R 0 = 15 O, Rf = 1000 kO, Ri = 270 kO. 


(a)-3.704 mV; (b) 27.78 mV; 


(c) -3.704 V. 
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52. v out = Av d = A 


R, 


16 + R 


(80xl0 15 ) sin27 V 


(a) A = 10 , R; = 100 MQ, R 0 value irrelevant. v out = 8 sin It nV 


(b) A = 10 6 , R; = 1 TO, Ro value irrelevant. v ou t = 80 sin 2 1 nV 
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(a) Find v Q J v m if R; = oo, R 0 = 0, and A is finite. 
The nodal equation at the inverting input is 


-v, -v 

0 = d m 


1 


+ 


• V d - V out 

100 


[ 1 ] 


At the output, with R 0 = 0 we may write v out = Avd so Vd = v out / A. Thus, Eqn. [1] 
becomes 


Q _ ^Ut y _j_ V OUt _|_ V OUt 


100A 100 


from which we find 



[ 2 ] 


(b) We want the value of A such that v out / v in = -99 (the “ideal” value would be -100 
if A were infinite). Substituting into Eqn. [2], we find 


A = 9999 
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54. (a) J=OV .'. v d = 0, and P 8n = 0 W. 


(b) 8= 1 nV, so v d = 5 - (5 + 1(T) = -1(F V 
Thus, 

v out = (2xl0 5 )v d 8 = -19.28 JJ.V and Pm = (v out )' 

8 + 75 

(c) 8= 2.5 fiV, so v d = 5 - (5 + 2.5xl0' 6 ) = -2.5xlO' 6 V 
Thus, 


v out = (2xl0 5 )v d 8 


8 + 75 


-48.19 mV and P 8 n = (v out ) 


10 March 2006 


7 8 = 46.46 pW. 


i 2 / 8 = 290.3 nW. 
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55. 


(I, 



Writing a single nodal equation at the output, we find that 
v - v v Av, 

Q — out in _|_ out d rji 

R, R 0 

Also, v; n - v out = Vd, so Eqn. [1] becomes 

0 — (v 0 ut — Tin) Ro (Tout — AVj n + Av ou t) Rf 


and 


(R +AR.) 

,, — v O _ 1 / 

R 0 +(^ + l) R i fc 




To within 4 significant figures (and more, actually), when Vm = -16 mV, 
(this is, after all, a voltage follower circuit). 


v out = -16 mV 
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56. The Voltage follower with a finite op-amp model is shown below: 



Nodal equation at the op-amp output gives: 
v — v AV -V 

out in _ d out 

Ri “ R 0 

But in this circuit, Vd=Vin - V ou t. Substitution gives: 

K*-K, AK,-KJ-K. av* ~(A + W oul 

R, R 0 R 0 

Further rearranging gives: 

RcKu'+RM +Wo^RqV^+R^K, 

<=> v =— R ° + — v. 

ou ‘ R a +R I (A + 1 ) " 


This is the expression for the voltage follower in non-ideal situation. In the case of 
ideal op-amp, A —> oo, and so A+l —»■ A. This means the denominator and the 
numerator would cancel out to give V ou t = V, n , which is exactly what we expected. 
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57. a) By definition, when the op-amp is at common mode, v out = A CM v in . Therefore, a model that can represent this is: 


This model relies on that fact that A C m is much smaller than the differential gain A, and therefore when the inputs 
are different, the contribution of A C m is negligible. When the inputs are the same, however, the differential term 
Av d vanishes, and so v out = A CM v 2 , which is correct. 

b) The voltage source in the circuit now becomes 10 s v d +10v 2 . Assuming R 0 = 0, the circuit in figure 6.25 becomes: 


(? 



The circuit is governed by the following equations: 

\5 


SO 


10 v d +10v A -v a v a -v t 


R 


R 


v h = v 2 / 2 (from voltage divider) 


Rearranging gives: 

10 5 (v 2 /2 -V fl ) + 10(v 2 /2) -= V a -V, 

50000v 2 -10 5 v fl +5v 2 — v a =v a -v l 

_ 50005v 2 + v, 

Vfl (10 5 +2) 

Then, the output is given by: 

v ou , +10v 4 =10 5 x(v 2 /2-vJ + 5v 2 

in this case, Vi = 5 + 2 sin t, V 2 = 5. This gives v a =0.50004v2+9.99980xl0~ 6 vi. Thus 

Vout = 10 5 (-0.00004v 2 - 9.99980x 10' 6 vi)+5v2 = 1.00008v 2 - 0.99998vi = 0.0005 - 
1.99996 sin t _ 

c) If the common mode gain is 0, than the equation for v a becomes 

_ 50000v 2 +v, 

( 10 5 + 2 ) 

Giving Va=0.49999v2+9.9998Qx 10' 6 y L The output equation becomes 
v out =10 5 v rf =10 5 x(v 2 /2-vJ=0.99998v 2 -0.99998vi= 1.99996 sin t 
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58. 


Slew rate is the rate at which output voltage can respond to changes in the input. The 
higher the slew rate, the faster the op-amp responds to changes. Limitation in slew 
rate - i.e. when the change in input is faster than the slew rate, causes degradation in 
performance of the op-amp as the change is delayed and output distorted. 
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59. 


a) V 2 = 4.7 V from the Zener diode, Vi = V 2 = 4.7 V assuming ideal op-amp, and V 3 
is given by the nodal equation at the inverting input: 

V 3 -Vx_Vx 

4.1k 1 k 


Solving gives V 3 = 26.79 V 


b) The simulation result is shown below 



There are considerable discrepancies between calculated and simulated voltages. In particular, Vj = 3.090 V is 
considerably lower than the expected 4.7 V. This is due to the non-ideal characteristics of uA741 which has a finite 
input resistance, inducing a voltage drop between the two input pins. A more severe limitation, however, is the 
supply voltage. Since the supply voltage is 18V, the output cannot exceed 18 V. This is consistent with the 
simulation result which gives V 3 = 17.61 V but is quite different to the calculated value as the mathematical model 
does not account for supply limitations. 


c) By using a DC sweep, the voltage from the diode (i.e. V 2 ) was monitored as the 
battery voltage changes from 12 V to 4V. 



It can be seen that the diode 
voltage started dropping when 
batteries drop below 10 V. 
However, the diode can still be 
considered as operating in the 
breakdown region, until it hit 
the knee of the curve. This 
occurs at V S uppi y = 5.28 V 
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60. The ideal op amp model predicts a gain v out / v in = -1000/ 10 = -100, regardless of the 
value of Vi n . In other words, it predicts an input-output characteristic such as: 



From the PSpice simulation result shown below, we see that the ideal op amp model 
is reasonably accurate for |vj n | x 100 < 15 V (the supply voltage, assuming both have 
the same magnitude), but the onset of saturation is at ±14.5 V, or |vj n | ~ 145 mV. 
Increasing |vin| past this value does not lead to an increase in |v out |. 
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61 . 


Positive voltage supply, negative voltage supply, inverting input, ground, output pin. 
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62. This op amp circuit is an open-loop circuit; there is no external feedback path from 

the output terminal to either input. Thus, the output should be the open-loop gain 
times the differential input voltage, minus any resistive losses. 


From the simulation results below, we see that all three op amps saturate at a voltage 
magnitude of approximately 14 V, corresponding to a differential input voltage of 50 
to 100 pV, except in the interest case of the LM 324, which may be showing some 
unexpected input offset behavior. 


op amp 

onset of 

negat 
ive 
satur 

ation 

negative 

satur 

ation 

volta 

ge 

onset of 

positi 

ve 

satur 

ation 

positive 

satur 

ation 

volta 

ge 

4A 741 

-92 pV 

-14.32 V 

54.4 mV 

14.34 V 

LM 324 

41.3 pV 

-14.71 V 

337.2 mV 

13.87 V 

LF411 

-31.77 pV 

-13.81 V 

39.78 mV 

13.86 V 
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63. This is a non-inverting op amp circuit, so we expect a gain of 1 + 1000/4.7 = 213.8. 

With ±15 V DC supplies, we need to sweep the input just above and just below this 
value divided by the gain to ensure that we see the saturation regions. Performing the 
indicated simulation and a DC sweep from -0.1 V to +0.1 V with 0.001 V steps, we 
obtain the following input-output characteristic: 



Using the cursor tool, we see that the linear region is in the range of 
-68.2 mV < V in < 68.5 mV. 

The simulation predicts a gain of 7.103 V/ 32.87 mV = 216.1, which is reasonably 
close to the value predicted using the ideal op amp model. 
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64. To give a proper simulation, the inputs are grounded to give an input of 0. This gives: 



As can be seen, a current of 18.57 mA is drawn from the uA741. Assuming the output 
voltage from the op-amp before Ro is 0, we have Ro = (1-18.57m)/18.57m = 52.9 D. 
This is close to the value given in table 6.3. There is difference between the two as 
here we are still using the assumption that the voltage output is independent to the 
loading circuit. This is illustrated by the fact that as the supplied voltage to the 1 ohm 
resistor changes, the voltage at the output pin actually increases, and is always higher 
than the voltage provided by the battery, as long as the supplied to the op-amp is 
greater than the battery voltage. When the supply voltage drops to IV, the output 
current increased greatly and gave an output resistance of only 8 D. This suggests that 
the inner workings of the op-amp depend on both the supply and the loading. 

For LF411, a current of 25.34 mA is drawn from the op-amp. This gives a output 
resistance of 38.4 Q. This value is quite different to the 1 Q figure given in the table. 
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65. Based on the detailed model of the LF 411 op amp, we can write the following nodal 
equation at the inverting input: 

0 = v x~ v d , Av d~ v d 

R in io 4 10 6 + R o 

Substituting values for the LF 411 and simplifying, we make appropriate 
approximations and then solve for Vd in terms of v x , finding that 

= - 1q6 = v x 

Vd ~ 199.9 x 10 s Vx ~~ ’ 199.9 

With a gain of-1000/10 = -100 and supply voltage magnitudes of 15 V, we are 
effectively limited to values of |v x | <150 mV. 

For v x = -10 mV, PSpice predicts va = 6 pV, where the hand calculations based on the 
detailed model predict 50 pV, which is about one order of magnitude larger. For the 
same input voltage, PSpice predicts an input current of -1 pA, whereas the hand 
calculations predict 99.5v x mA = -995 nA (which is reasonably close). 
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66. (a) The gain of the inverting amplifier is -1000. At a sensor voltage of-30 mV, the 

predicted output voltage (assuming an ideal op amp) is +30 V. At a sensor voltage of 
+75 mV, the predicted output voltage (again assuming an ideal op amp) is -75 V. 
Since the op amp is being powered by dc sources with voltage magnitude equal to 15 
V, the output voltag e range will realistically be limited to the range 
-15 < V out < 15 V. 


(b) 

the 


The peak input voltage is 75 mV. Therefore, 


resistance ratio 


R/ Ri < 199| to ensure the op 


15/ 75 x 10' 3 = 200, and we should set 
amp does not saturate. 
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67. 



We see from the simulation result that negative saturation begins at Vi n = -4.72 V, 
and positive saturation begins at Vi n = +4.67 V. 


(b) Using a 1 pQ resistor between the output pin and ground, we obtain an output 


current of 


40.61 mA, 


slightly larger than the expected 35 mA, but not too far off. 
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68. We assume that the strength of the separately-broadcast chaotic “noise” signal is 

received at the appropriate intensity such that it may precisely cancel out the chaotic 
component of the total received signal; otherwise, a variable-gain stage would need to 
be added so that this could be adjusted by the user. We also assume that the signal 
frequency is separate from the “carrier” or broadcast frequency, and has already been 
separated out by an appropriate circuit (in a similar fashion, a radio station 
transmitting at 92 MHz is sending an audio signal of between 20 and 20 kHz, which 
must be separated from the 92 MHz frequency.) 


One possible solution of many (all resistances in ohms): 



PROPRIETARY MATERIAL . © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to 
teachers and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 





















www.elsolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Six Solutions 10 March 2006 


69. One possible solution of many: 



This circuit produces an output equal to the average of Vi, V2, and V3, as shown in the 
simulation result: V av e ra g e = (1.45 + 3.95 + 7.82)/3 = 4.407 V. 
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70. Assuming ideal situations (ie slew rate = infinite) 

a) 


20 - 


15 - 


~ 10 - 
> 


> 5 - 


0 


18 V 


-5 i -,-,- r 

-5 -3 -1 1 

V active (V) 


5 


b) 


20 1 

15 - 

— 10 - 
> 

o 

> 5 - 

0 - 


18 V 


-5 i-,-,-,-,-, 

-5-3-11 3 5 

Vactive (V) 
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71. a) 


15 1 
10 - 

5 - 

> 

T 0-r 

o 

> -2 -1 
-5 - 


0 


12 V 


2 


-10 - 


-15 J 


-12 V 


Vactive (V) 


b) The simulation is performed using the following circuit: 


» | V24 

T 




Where Rl = load resistor which is needed for the voltage probe to perform properly. 
The battery is swept from -2V to +2 V and the voltage sweep is displayed on the next 
page. 


It can be seen that the sweep is very much identical to what was expected, with a 
discontinuity at OV. The only difference is the voltage levels which are +11.61V and - 
11.61 V instead of ±12 V. This is because the output of an op-amp or comparator can 
never quite reach the supplied voltage. 
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72. a) 


15 1 

10 - 


5 


O 

> 


-5 -3 -1 1 


3 5 


-5 - 


-10 - 


-15 J 


Vactive (V) 
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73. The following comparator setup would give a logic 0 for voltages below 1.5 V and 
logic 1 for voltages above 1.5 V 
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74. The voltage output of the circuit is given by 


^4 ^ 1 + 7? 2 / 7?i . _ R 2 

R.l + RJR, R 


a) When Ri = R 3 and R 3 = R 4 , the equation reduces to 

R 4 , s 

V out=-^( V + - V -) 

K 3 

When v+ = v_, v ou t = 0, thus Acm = 0. Hence CMRR = 00 


b) If Ri, R 2 , R 3 and R 4 are all different, then when v+ = v. = v, 


v 


out 


R^ 1 + R 2 /R l _ R 2 

r, i+r 4 /r 3 r/ 


Simplifying the algebra gives 


R\R 4 ~ R3R4 

RA + ^ 1^4 


If v+ and v. are different, it turns out that it is impossible to separate v out and Vd 
completely. Therefore, it is not possible to obtain A or CMRR in symbolic form. 
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75. a) The voltage at node between Ri and R 2 is 


V, = V 


ref 


R 


+ R 2 j 

by treating it as a voltage divider. Similarly, the voltage at node between Roauge and 
R 3 is: 


v = V 

v 2 v ref 


R, 


y ^3 R Gauge J 


Therefore, the outpu 


voltape is _ 

II ( 

27 

1 

II 

77 

7 

r 2 r, ' 


R } + R 2 i? 3 + R Gauge j 



c) The amplifier has a maximum gain of 1000 and minimum gain of 2. Therefore to 
get a voltage of IV at maximum loading, the voltage input into the amplifier must fall 
between 0.001 and 0.5, i.e. 0.5 > V out > 0.001. 


To simplify the situation, let Ri = R2 = R3 = R, then at maximum loading, 


V =V 

out ref 


R 


R 


R + R R + R Gauge + AR j 


= 12 


1 


R 


2 R + 5k + 50 m 


Using this we can set up two inequalities according to the two limits. The first one is: 


6 — 


12 R 




Solving gives 


5.999 > 


R + 5k + 50 m j 
12 R 


> 0.001 


R + 5000.05 


4998.38 > R 

Similarly, the lower gain limit gives: 5.5 < 


12 R 


R + 5000.05 


=> 4230 < R 


This gives 4998.38 > R > 4230. Using standard resistor values, the only possible 
resistor values are R = 4.3 kf2 and R = 4.7 kf2. 


If we take R = 4.7 kf2, then 


v =12 

v out 1 ^ 


V2 


4.7k 


4.7k + 5k + 50m 


0.1855 


Giving a gain of 5.388. This means a resistor value of R = 50.5/(5.388 — 1) = 11.5 kf2 
or 1 lkf2 using standard value is needed between pin 1 and pin 8 of the amplifier. 
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i ■ n dv 

1. i = C — 

dt 


(a) 

(b) 


i = 0 


(DC) 


i = C— = -(l0xl0" 6 )(ll5V2)(l20^)sinl20^= -613 sin 120^1 mA 


dt 


(c) 


= C—= -(10x10 6 )(4xl0 3 )e ' =| -A0e~‘ nA 


dt 
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2 . 


i = 


C 


dv 

dt 


6-0 . 

v =- 1 + 6 

0-6 


= 6 -t, therefore i = C 


dv 

dt 


-4.7 xlO^ 6 


k 

k i (|uA) 

-4 7 

► t (s) 
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■a ■ r ,dv 

3. i = C — 

dt 


(a) 

(b) 


= 30[e '-te '] therefore i = 10 3 = 30(l-?)e ' mA 


dt 


dt 


dv 

dt 


= 4 [-5 A 5 ' sin 100?+ 100 A 5 ' cos 100?] 


3 dv 


therefore i = 10 — = 
dt 


Ae 5 ' (I00cosl00?-5sinl00t) mA 
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4. W = -CV 2 
2 


(a) 


-1(2000x10 6 )l600: 


f 

v2 


1.6 J 


(b) 






(25x10^ 3 )(35) 2 = 


15.3 J 


(c) 


f ) K )(«) 2 


198 mJ 


( i A 


(d) - (2.2x10 3 )(2500) = 




2.75 J 


(e) 


{j(55)(2-5) 2 = 


171.9 J 


f i A 


(f) - (4.8 x10- 3 )(50) 2 




6 J 
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5. (a) 


(b) 



(c) 


E = 


1 

-CV- :.C = 
2 


2E__ 2(2.5 x 10~ 6 ) 
V 2 ~ (too 2 ) 


= 500 pF 


„ sA Cd 

C = — — 

d A 


(500 x 10 12 )(l00 x 10~ 6 ) 
(78.54 x 10 -6 ) 


626.62 pF .m 1 


\Relative permittivity: 


636.62xl0 -12 
8.854x10 12 
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6. (a) 


| 2(H.8)(8. 


854x10 


-12 


For - - 1 v ’ w = - V ^ x io 24 

= 45.281 xl0~ 9 m 


(0-57 + 1) 


C 7 = 


11.8(84 


,-12 


45.281x10 


YlxlO 12 ) 


A ___ 1 - 

v-9 

2.307 fF 


(b) 


For V A = -5V, W = .F^K' - L<) =, 

V c i N v 


2(11.8)(8. 


854x10 


-12 




6 x 10” 19 j(l x 10 24 


'(0.57 + 5) 


= 85.289x10 ~ 9 m 


C J 


11.8(8.854 x!0~ 12 II x 10“ 12 


85.289x10 


ixio^Jr- 

n-9 _ 


.225 fF 


(c) For V A = -10V, 


2(11,8)(8. 


854x10 


-12 




6 x 10 -19 jl x 10 24 


'(0.57 + 10) 


= 117.491 xlO“V 


C, 



889.239 aF 
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7. 


We require a capacitor that may be manually varied between 100 and 1000 pF by rotation 
of a knob. Let’s choose an air di electric for simplicity of construction, and a series of 11 




Top view Side view with no Sjde y/evv wjth fl smaU 

overlap between plates Qverlap befween phtes 


Constructed as shown, the half-plates are in parallel, so that each of the 10 pairs must 
have a capacitance of 1000/ 10 = 100 pF when rotated such that they overlap completely. 
If we arbitrarily select an area of 1 cm" for each half-plate, then the g ap spacing between 
each plate is d = sA/C = (8.854xl0' 14 F/cm)(l cm 2 )/ (lOOxlO' 12 F) = 0.8854 mm. This is 
tight, but not impossible to achieve. The final step is to determine the amount of overlap 
which corresponds to 100 pF for the total capacitor structure. A capacitance of 100 pF is 
equal to 10% of the capacitance when all of the plate areas are aligned, so we need a pie¬ 
shaped wedge having an area of 0.1 cm 2 . If the m iddle figure above corresponds to an 
angle of 0 0 and the case of perfect alignm ent (maximum capacitance) corresponds to an 
angle of 180°, we need to set out minimum angle to be 18°. 
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8. (a) 

(b) 


(c) 

(d) 


fit civ r 

Energy stored = v-C — = C 
•E dt J( 


f 2xl0~ 3 -- 

r 3 

f 3e 5 • 

~—e 5 

Jo 

5 


dt 


Vn 


= 3 V 


1 7 

Max. energy at t=0, = — CE 2 = I ,35mJ .'. 37% E mm = 
V at 37% E max = E825 V 


t 
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-1.080//J 


499.5/4/ 
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9. (a) 


(b) 


v = -^.y(lxl0“ 3 ) 2 =-1__ (3.14159) ^ xl0 _ 3 J = 33.42lmF 


47x10 


1 ' 

v = —. 
C 


-(lxl0“ 3 ) 2 +0 

V2 j 


47x10 


L M( lxl0 -3f 


33.421 mV 


(c) 


1 

v = —. 

— (l x 10 -3 ) 2 +-(lxlO“ 3 ) 2 

1 



50.132 mV 

C 

^2 V ’ 4 V ’ ) 

47xl0“ 6 

l 4 V ; 
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10 . 


V 


1 f 2( 

r Jo 


r200m,s’ 1 

idt = — 
C J o C 


^ 7 x 10~ 3 


A 


-cos 7ti 


71 




200ms 


0.426 

C 


E 


-CV 2 = 3xl0“ 6 
2 


181.086 x 10~ 9 181.086 x 10~ 9 

2C " 2^3 x 10 —6 ) 
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11 . 


(a) c = 0.2//F, v c = 5 + 3 cos 2 200/V; i c = 0.2x10 _6 (3)(-2)200sin200lcos2001 


. .i = 


-0.12 sin 400ftnA 


(b) w c =^cv 2 c =|x2x10“ 7 (5 + 3cos 2 2000 2 /. w cmax = 10 7 x64 = 6.4//J 


(c) v c =^ xl ° 6 J W 100< xl °= 10 3 x 40(-0.01)(e ^ -1) = | 400(1 -e 1Q0 ')V 


(d) 


v =500-400c 100, V 
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Engineering Circuit Analysis, 7 th Edition Chapter Seven Solutions 


v f (0) = 250V, c = 2mF ( a ) v c (0.1) = 250 +500 f° ' 5dt 

J 0 

.'. v c (0.1) = 500V; v c (0.2) = 500J"' 2 1 Odt = 1000V 
.-. v c (0.6) = 1750V, v c (0.9) = 2000V 


.-.0.9<f<l:v =2000 + 500 f' 10 dt 

c Jo.9 

:.v e =2100 = 2000 + 5000(f 2 -0.9).' 


2000 + 5000(7 - 0.9) 


t 2 


0.9 <t< 0.92s 
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13. 

(a) 


i 2 1 1 r\ 1 6 2 O 1 A~ 2 —1000? . _l_AAA —500/-\r 

w — — Cv = — xlO v =2x10 e :.v = ±200e V 

c 2 2 


i = Cv = 10 (±200)(-500)<? = +0.1e 


-500/ 


R = — = — =4 2kCl 

i 0.1 


(b) = z 2 R = 0.01 x 2000<Y 1000r = 20 Y 1000 'W 


.-. W R = JJ 20 e~ wm dt = -0.02e 


1000f oo _ 
0 1 


0.02J 
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14. (a) 

By 

Right 


By 


Left circuit: 


Voltage division, V ( 


Ik 


c 


4.1k + Ik 


(5)= 0.877L 


circuit: 

v \ =i(i//2)=|r 


1 


Voltage Division, V 2 = —F.' 


V c =~-V 


(b) 


R1 
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15. 

(a) 

(b) 

(c) 


, di 
v ■= L — 
dt 


v = 0 since i = constant (DC) 


v = - 


10 8 (ll5V2)(l20^-)sinl20^= -613sinl20^ //V 


v = -10 s (ll5V2)(24xlO 3 )^ 6 ' = 


-240e 6 ' p\ 
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16. 


, di 
v ■= L — 
dt 


i = 


(6-0)xlCT 
(0-6)xl(T 
di 


7 + 6x10 


v=i i =_ ( ir ‘ 2 )( 10 "‘) 


= 6xl0^ 9 - 

10 18 V = 


10 6 7,therefore 


-1 aV 


i 

iV (aV) 

-1 

► 7 (S) 
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17. 


v = L 


di 

dt 


(a) 

(b) 


L^ = ( 5x 10 6 )30x 10 9 [e ' - te ~‘] : 


150(l-f)e“' fV 


L — = (5 x 1 (T 6 ) (4 x 1 (T 3 ) [-5c 5 ' sin 100r + l 00c 5 ' cos 1007 ] 


dt 

therefore 


= lOOe 5 '(20cosl007-sinl00t) pV 
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18. 



Maximum energy corresponds to maximum current flow, so 


^=i(5xlO- J )(1.5) ! 


5.625 mJ 
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19. 



(a) 



i(jns) 


(b) P £ =v Llr =(-100)(-5) = 500Watf = 40-ms 


(c) P imm =100(-5) = -500Watr = 20 + and40 + ms 


(d) W, = |u 2 .-. W L (40ms) = ^x0.2(-5) 2 = 


2.5J 
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20 . 


L = 50x10 3 ,/< 0: i = 0; />0 / = 80/A 100, mA = 0.08/A 10 °'A 
.-. i'=0.08e' lo0t -8/A 100 '.-. 0.08 = 8/J/„, ,= 0.0 ki / 

A—Ull - i max 

= 0.2943mAt v = 0.05/' = A 100 ' (0.004 - 0.4/) 


= 0.08x0.01a 1 


.'. v'=e '““'(-0.4)- 100c ,uu '(0.004-0.4/) -0.4 = 0.4-40/, / = — = 0.025 

40 


v = e 2 (0.004-0.008) = -0.5413mV this is minimum.'. Ivl = 


0.004V at t=0 
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21 . 

(a) t> 0: i s = 0.4r A .'. v in = 10 i s + 5 i s 



(b) i. , = 0. lv + — f 40 tdt + 5 

m 5 ^ Jo 


4t + 4t 2 + 5A 
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22 . 

(a) 

(b) 


v L = 20 cos 10007V, L = 25mH, i L (0) = 0 


= 40J q 20 cos lOOOtdt = 0.8sin 10007A p = 8sin20007 W 


w = — x 25x10 3 x 0.64sin 2 10007 = 

_ 2 _ 


8 sin 2 10007 mJ 



VJ(lrJ) 


1 




CbJ 


In (mSJ 
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23. 



L = H 


(a) 

(b) 


0<t<10ms: i, = -2 + 5 [ lOOdt = -2 + 5007.'. i L (10ms) = 3 A,i £ (8ms) ■ 

J 0 

/• 0.02 

i L (0) = 0 .'. i L (1 Oms) = 500 x 0.01 = 5A .'. i L (20ms) = 5 + 5J 10 (0.02 - t)dt 


i L (20ms) = 5 + 5 x 10 4 (0.021 - 0.50am = 5 + 5 x 10 4 (0.0002 - 0.00015) = 7.5A 
.-. w, = —x0.2x7.5 2 = 


5.625J 


(c) If the circuit has been connected for a long time, L appears like short circuit. 
8 


^8n - 


2 + 8 


(100F) = 80F 


I 2n = — = 10 A 
2Q 


80F 

800 


= IA 
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24. After a very long time connected only to DC sources, the inductors act as short circuits. 
The circuit may thus be redrawn as 



—VSA/- 

— 

—Wv— 


2 n 


80 n 

100 V - 


> i6 a < 

— 

>20 a 

' - 


And we find that i x 


r 80 " 

l 9 ) 


r 100 ' 

v 2 + 8 y 


1 A 
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25. L = 5H, V, = 10(e“‘ -e~ 2t )V,i L ( 0) = 0.08A 


(a) 


v i (l) = 10( e 1 - e 


-2 


) = 


2.325 + V 


(b) 

(c) 


= 0.08 + 0.2J 'lO(e"' - e- 2, )dt = 0.08 + 2(-e~‘ + 0.5e 2, )„ 

= 0.08 + 2(-e-‘ + 0.5 A 2 ' +1 -0.5) = 1.08 + e~ 2 ' - 2 e* i L (1) 


1.08A 
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26. 

(a) 


v = 120x 


40 


12 + 20 + 40 


- + 40x5x- 


12 


12 + 20 + 40 


200 100 

-+- 


100 V 


(b) 


120 
12 + 151 
120 
12 + 12 
40 + 20 


15 


-x40 + 40x5 


|60 15 + 60 

x-x40 + 200 6 ' 667 
5 66.667 


60V 


15 ll 12 

15 I|l2 + 60 
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27. 

(a) 

(b) 

(c) 

(d) 


w, 


— x5xl.6 2 
2 


6.4J 


w = 


— x 20x 1(T 6 
2 


x 100 2 


0.1J 


Left to right (magnitudes): 100, 0, 100, 116, 16, 16, 0 (V) 


Left to right (magnitudes): 0, 0, 2, 2, 0.4, 1.6, 0 (A) 
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28. 

(a) 


(b) 


(c) 


v, = 400 t 2 V,t > 0; 4(0) = 0.5A; t = 0.4s 
v = 400 x 0.16 = 64V, w -x 10 5 x 64 2 


20.48mJ 


0.5 + 0.1 f °' 4 400f 2 A = 0.5 + 40 x -x 0.4 3 = 1.3533A 

JO 'l 


:.w, = —xlOxl.3533 2 = 
1 2 


9.1581J 


At 2 , V R = 100x1 6t 4 :.w R =| o ° 4 1600^ = 320x0.4 5 = 


3.277J 
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29.(a) 


P 7 a - 0W;P wa - —— - 


_ V 2 _ (2) 2 r 


R 


10 


0.4 W 


(b) 


PSpice verification 
We see from the PSpice 
simulation that the 
voltage across the 10-fi 
resistor is -2 V, so that 
it is dissipating 4/10 
= 400 rnW. 


The 


7-Q resistor has 
zero volts across its 
tenninals, and hence 
dissipates zero power. 

Both results agree with 
the hand calculations. 


R1 


VI 

DC=2V 
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30. (a) We find Rth by first short-circuiting the voltage source, removing the inductor, and 

looking into the open terminals. 



Sim plifying the network from the right, 3 
6 || 7 + 5 = 8.23 Q. Thus, R TH = 8.23 || 8 = 


6 + 4 = 6 Q, which is in parallel with 7 Q. 


4.06 Q. 


To find Vth, we remove the inductor: 



V 3 


8 n 


Writing the nodal equations required: 


(V i - 9)/3 + Vi/6 + (Vi - V 2 )/4 = 0 
(V 2 - Vi)/4 + V 2 /7 + (V 2 - V 3 )/5 = 0 
V 3 /8 + (V 3 - V 2 )/5 = 0 


Solving, 

(b) 


V 3 = 1.592 V, therefore Vth = 9 — V 3 


7.408 V. 


jl = 7.408/4.06 = 1.825 A 


(inductor acts like a short circuit to DC). 
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31. 


Cequiv ~ 1 0 // + 


( 

A 



1 

in series with 10// in series with 10// + 

1 

1 

+ 


v !0/2 

10 fi) 

V 


4.286//F 


1 

To// 
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A 


1 

10/2 j 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers 
and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 













www.eisolucionario.net 


Engineering Circuit Analysis, 7" Edition 


Chapter Seven Solutions 


32. L equiv = (lip Hill p + 77/?))+ lip + (lip//{lip + llp)) = \19.6pH 
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33. (a) Assuming all resistors have value R, all inductors have value L, and all capacitors 

have value C, 



(b) At dc, 20juF is open circuit; 500pH is short circuit. 
Using voltage division, V x = ——(9)-3.6U 


10k + 15k 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers 
and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 














www.eisolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Seven Solutions 10 March 2006 


34. (a) As all resistors have value R, all inductors value L, and all capacitors value C, 



(b) 


K = ov 


as L is short circuit at dc. 
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35. C 


equiv = { [(100 11 +40 n) 


12 n] + 75 n} 


{7 n + (2 |i || 12 jll)} 


C 


equiv 


= 85.21 InF 
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36. L 


equiv 


= {[ (17 p || 4 n) + 77 p] || 12 n} + {1 n || (72 p + 14 p)} 


L e auiv =172.388/?// 
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37. C T -C x =(7 + 47 + 1 + 16 + 100) = 171//F 

E c ,-C, =\(C t -C x y 2 =^(171/A2.5) 2 = 534.375/i/ 
E c =E C -E c _ c = (534.8 -534.375)/4/ = 425hJ 


:.E C = 425« = —C Y V 2 => C„ = 

C v ^ A A 


425/7 ( 2 ) 

136 nF 

(2.5) 2 
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38. 


(a) 


For all L = 1.5H, L equiv = 1.5 + 


f 

"N 

1 

+ 

f \ 

1 

1 

1 

1 1 1 

— 

H- 


- 1 - 1 - 

v 1.5 

1.5 J 


11.5 1.5 1.5 ) 


= 2.75// 


(b) For a general network of this type, having N stages (and all L values equiv), 


n j^N 

L equiv = X N -1 

N=\ NL 
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(a) 

(b) 


Lequiv ^ 


f X 

1 

+ 

f \ 

1 

1 1 

1 1 1 

-1- 

V 2 2 ) 


13 3 3 ) 


= 3H 


For a network of this type having 3 stages, 


Z . - 1 + ^ + ^—-1+^+i^ 

eqwv 2 + 2 3 + 3 1 2(2) 3 ( 3)2 

(2 ) 2 (3 ) 2 + 3 

Extending for the general case of N stages, 


L ..... = 1 + — l —+ 1 


11111 

- 1 -- 1 - 1 - 

2 2 3 3 3 


+ ...+ 


1 


1 1 
N '"N 


, 1 1 1 

1 + -+-+ ... + - 


2(1/2) 3(1/3) 


N(l/N) 


N 
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c 


equiv 


(lp\025p) 
3 p + 0.25 p 


0.231/?F 
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41. 


L 


equiv 


(2.3/7 )(0.3n) 
2.6/7 


0.2916/7// 
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42. (a) 

Use 2 x lpH in series with 4 x lpH in parallel. 

(b) 

Use 2 x lpH in parallel, in series with 4 x lpH in parallel. 

(c) 

Use 5 x lpH in parallel, in series with 4 x lpH in parallel. 
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43. 

(a) 


R = 100 :10||10||10 = —, — + 10 + lOlllO = — 

II ii 3 3 11 3 



(c) C = 10F: 


1 


1/30 + 1/10 + 1/20 


= 5.4545 


10 


.'. C =5.4545 + —= 8.788F 

eq 3 
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44. 


(a) 


(b) 


oc-h 9 =6 1 + 3 = 

3.857H 

sc:L e 9 =(3 2 + 1 ) 

4 = 2.2 


, 1 

7 

oc: l-i-= 


1/4 +1/2 

3 eq 

1 5 „ 


sc :-= — ,C 

= 4 + 

1/5 + 1 6 
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45. 

(a) 


(b) 


- 225 " [ 

D 

I nF 




0.15 1 

hF •- L 

lii 


(c) 


-It 


TTTT 

7 T j 




1L 

j 

T 
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46. 4 = 60e 200 'mA, j,(0) = 20mA 

(a) 6||4 = 2.4H.\v = L e? 4' =2.4x0.06(-200)e 


200 / 


or 


v = -28.8A 200 'V 


(b) i =- f -28.8A 200 '<* + 0.02 = — (A 200 ' -l) + 0.02 
W 1 6 Jo 200 


24A 200 '-4mA(/>0) 


(c) / 2 = 4 - 4 = 60A 200 ' - 24A 200 ' + 4 =|36e i " Uf +4mA(/>0) 


-200 1 
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47. 

(a) 

(b) 

(c) 


v s =100e 8 °'F,v 1 (0) = 20V 


i = C v/ = 0.8 xlO" 6 (-80)1 OOe 80 ' = 


-6.4x10 3 e 80 'A 


= 10 6 (-6.4xl0 3 )f' e m dt + 20 = (e m -1) + 20 

80 


.-. Vj = 


80e 8 °'-60V 


10 6 


(-6.4x 10~ 3 ) f' e m dt + 80 = i^( e - 80 ' -1) + 80 

80 


= 20 A 80 ' + 60V| 
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48. 
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49. 


v c (t): 30mA: 0.03x 20 = 0.6V, v c = 0.6V 
9V: v c = 9V, 20mA: v c = -0.02 x 20 = 0.4V 


0.04 cos 107: v c = 0 
:.v c (t) = 9.2 V 
v L (t ): 30mA, 20mA, 

9V: v L =0; 0.04 cos 10 7: v L 


-0.06x0.04 (-1000) sin 10 3 7 = 


2.4 sin 10 VV 
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50. We begin by selecting the bottom node as the reference and assigning four nodal 
voltages: 



Ref 


Node 


1, 4 Supernode: 
and: V 

2 : 


20x1 O ' 3 e' 20t = 


v t -v 2 


50 


+ 


0.02xl0 3 J o '(v 4 -40^ 2 °')/f [ 1 ] 


- V 4 = 0.2 V x or 


O. 8 V 1 + 0.2 V 2 -V 4 = 0 


[ 2 ] 


v -V V -40(T 20 ' „ dw 

0 = V 2 V 1 _j_ v 2 + 10' fi U V1 


50 


100 


dt 


[3] 
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51. (a) 


R. = oo, R o = 0, A = oo .'. v, = 0 .'. i = Cv s 
also 0 + Ri + v„ =0 .'. v = -RCv„ f 


-v ( + R/ - Av ; =0, v v = — [ idt + v,. 


... a — 1 1 + A 

(b) v 0 = -Ay, ;. v .=—v o :.i = v, 


• • v. 


lr., i 1 

=T v “ = - 


,Av' = —v' — 


A 
1 + A 
RC 


A 
v or 


1 + A r v. , 

H-I- dt 

RC J A 


' 1 + A f 

v o +- v o + Av =0 

0 RC 


10 March 2006 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution pennitted only to teachers 
and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 








www.eisolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Seven Solutions 10 March 2006 


52. 


Place a current source in parallel with a 1-MQ resistor on the positive input of a buffer 
with output voltage, v. This feeds into an integrator stage with input resistor, R 2 , of 
1-MQ and feedback capacitor, Cf, of 1 pF. 


i = C 


f 


dv r 

_ jt_ 

dt 


= 1.602 xlO ' 19 


ions 
x- 

sec 


v -V dv 

0 = ^—- + C f 
lxlO 6 


— = ^ + 1 . 602 x 10 -'’^ 
dt 1 x 10 6 sec 


0 = 


- V 


dv, 


+ C 


f 


dt 1 x10 f 


- V + 1.602 xlO-“> = 


sec 


Integrating current with respect to t, 




1.602x10 19 x ions 
Ri 


=c f v Cr 


V Cj =v a -V ou , =—^!-xl.602xl0“ 19 xions=>V M 

K 2 L f 

Ri= 1 MO, Cf= lpF 



x 1.602 xl 0“ 19 


x ions 
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53. 

(a) 


R = 0.5MQ, C = 2//F, R, = oo, R a = 0, v 0 = cosl07-lV 


Eq. (16) is: 



r, n 

1 f 

t( v 

is: 

i+— 

v =- 

v. + —— 


v A, 

RC Jo v A) 


( 

n 


1 

f 

V ^ 


r, n 

1 + - 


v n = 


v ■+ 



1+ — 

V 

A; 


RC 

V 

aJ 


l aJ 


r 

1 ^ 

10sinl07 + 

1 

1 

COS 107 

V v = 

l + — 




V 

A ) 



A 

A 



dt-v c { 0) 


(-lOsinlOl) = -1 


f 


1 


1 


v c + — coslOr- 

V A Ay 


v, = 10.005 sin 107 + 0.0005 - 0.0005 cos 107 


(b) Let A = co v s = 


10 sin 107V 
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54. 


Create a op-amp based differentiator using an ideal op amp with input capacitor Ci and 
feedback resistor Rf followed by inverter stage with unity gain. 


R 

R 


dvs 


bn V 


V out =+ — R f C i = 6Q x / min 




dt rpm 

Rf€i=60 so choose Rf= 6 MQ and Ci = 10 pF. 
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55.(a) 


0 = -f vdt+ Va V ° ut 

L* R f 

V a =V = 0,:.j\v L dt = -^ 


^out 



(b) 


In practice, capacitors are usually used as capacitor values are more readily 
available than inductor values. 
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56. One possible solution: 




■i / 


we want v out = 1 V for v in = 1 mV over 1 s. 


In other words, 1 = 


—— flO ~ 1 dt = 

R\C f Jo 


i o 3 
R x C f 


Neglecting the sign (we can reverse terminals of output connection if needed), 

_o 

we therefore need RiCf = 10 . 


Arbitrarily selecting Cf = 1 pF, we find Ri = 1 kQ. 
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One possible solution of many: 



v _ Of dv in 
V out ~ ~ KL —J7 

dt 


maximum 


( dv u A 


V dt j 


100 mV 
60s 


In other words, \v out = 1 V = RC 


or RC = 600 


'100 mV^ 

v 60s j 


Arbitrarily selecting C = 1000 pF, we find that R = 600 kQ. 
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One possible solution of many: 



dv 

v out = ~RC -r- 
dt 


At 1 litre/s, 


'dv' 


V dt j 


100 mV 


In other words, \v om = 1 V = RC 


orRC = 10 


^ 100 mV 

v Is 


Arbitrarily selecting C = 10 pF, we find that R = 1 MQ. 
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59. One possible solution: 



The power into a 1 Q load is I 2 , therefore energy = W = I 2 At. 



1 

w f 



we want v out = 1 mV for v in = 1 mV (corresponding to 1 A 2 ). 


Thus, 10 3 =f?C(lO 3 ), so RC = 1 


Arbitrarily selecting C = 1 pF, we find that we need R = 1 Mfi. 
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60. One possible solution of many: 



Input: 1 mV = 1 mph, 1 mile = 1609 metres. 

Thus, on the input side, we see 1 mV corresponding to 1609/3600 m/s. 

Output: 1 mV per m/s . Therefore, 

|vJ = 2.237RC = l 
50 RC = 0.447 

Arbitrarily selecting C = 1 pF, we find that R = 447 kQ. 
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61 . 

(a) 


(b) 



1 f 1 

20V 20 + ~ in _ 6 I ( V 20 - V c )dt + 1 2 = Z s 

5x10 Jo 

-12 + 10v r + 8x 10 J v; = 0 

5x10 Jo 
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I F 
a.F 
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64. 



:t 4 = 100e" 80/ A and 4 (0) = 20 A in the circuit of (new) Fig. 7.62. 

(a) Detennine v(t) for all t. 

(b) Find i\(t) for t > 0. 

(c) Find V 2 (t) for t > 0.” 


(c) (a) 


L eq = 114 = 0.8//H.'. v(t) = L eq i' = 0.8x10 6 xl00(-80)r 8 °'V 
.-. v(t) =|-6.43' 80t mV 


(b) 


/, (t) = 10 6 J'-6.4xl0- 3 e 80 Vt + 20 .'. /, (t) = 80 ' -1) = 


80 


80e 80, -60A 


(c) 


4 ( t ) = 4 - 4 (0 .-. 4 (0 H 20e -80 ' + 60 A 
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65 . 




In creating the dual of the original circuit, we have lost both v s and v out . However, we 
may write the dual of the original transfer function: / out / i s . Performing nodal analysis, 

h = rly + G »< v '- v ?> [>] 

/out = Ai d = GfV 2 + Gi n (V 2 - Vi) [2] 

Dividing, we find that _ 


/out ^ 

UV2-V1) + G f V 2 

4 fj 

y,dt' + G,„(V,-V 2 ) 
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66.1 


L = 4/10 = 400 mA. 



160 mJ 


PSpice verification: 


DC = 4 
AC = 
TRAN = 



R2 

7 


0 
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67.1 


L = 4/(4/3) = 3 A. W = | LI 2 l 


31.5 J 


PSpice verification: 


DC = 4 
AC = 
TRAN = 



- 0 
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68. We choose the bottom node as the reference node, and label the nodal voltage at the top 
of the dependent source V A . 

Then, by KCL, 


Ki-4 , V A , V A 

100 20 25 


= 0.8 


Va 

25 


Solving, we find that V A = 588 mV. 

Therefore, Vc, the voltage on the capacitor, is 588 mV (no DC current can flow through 

the 75 Q resistor due to the presence of the capacitor.) 


Hence, the energy stored in the capacitor is — CV 2 =— (lO 3 ) (0.588)" = 


173 pJ 


DC = 4 
AC = 
TRAN = 


R1 


4.000V 


VI 


Mr- 

00 


H-PWffirf 


R2 

20 


FI 


§> f 


588.2mV 


R3 

25 


GAIN = 0.8 l 


R4 

-A/W 


75 


588.2mV 


1 o, 

10m 
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69. By inspection, noting that the capacitor is acting as an open circuit, 


the current through the 4 kQ resistor is 8 mA. Thus, Vc = (8)(4) = 32 V. 


Hence, the energy stored in the capacitor= — CV 2 =—(5x10 6 )(32) 2 = 


2.56 mJ 


PSpice 


verification: 


II 



Cl 

5u 


• 0 
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= 5 nF, R f = 100 MD. 


R f C x —= - (5xl0~ 9 )(l0 8 )(30cosl00r) =t -15 cost Of V 


dt 


Verifying with PSpice, choosing the LF411 and ±18 V supplies: 


R1 



HW7_70 (active) 00® 



Tine 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers 
and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 












































































www.eisolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Seven Solutions 10 March 2006 


71. PSpice verification 


w = I /2 Cv 2 = 0.5 (33x10' 6 )[5 cos (75x 10' 2 )]' = 220.8 p,J. This is in agreement with the 
PSpice simulation results shown below. 
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72. PSpice verification 


w = I /2 Li 2 = 0.5 (100xl0' 12 )[5 cos (75xl0' 2 )] 2 = 669.2 pj. This is in agreement with 
the PSpice simulation results shown below. 




PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers 
and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 
















www.eisolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Seven Solutions 


10 March 2006 


73. 


0 = 


Vg-Vs 

Ri 



K=v b =o, 


o = 



Vr =v„ 


Vout ^ ^out 


L dVs 
R x dt 


V = 

' out 


Lf dVs 
R x dt 


—— — (a cos 2/rl 0 3 1) L f 
R x dt y ’ j 


= 2Ru 


Let R = 1 Q and L = 1 H. 


PSpice Verification: clearly, something rather odd is occuring in the simulation of this 
particular circuit, since the output is not a pure sinusoid, but a combination of several 
sinusoids. 
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74. PSpice verification 

w = Zi Cv 2 = 0.5 (33 x10' 6 )[5 cos (75x 10' 2 ) - 7] 2 = 184.2 p,J. This is in reasonable 
agreement with the PSpice simulation results shown below. 


Cl 
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75. PSpice verification 


w = !4U 2 = 0.5 (100x10' 12 )[5 cos (75x10' 2 ) - 7] 2 = 558.3 pJ. This is in agreement with 
the PSpice simulation results shown below. 
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1 . 

i(t) = i(0)e ^ = 2e 

(a) 

-4 ' 

i(100 ps) = 2e 

(b) 

/(212.8 ps) = 2e 

(c) 

v R = -/'R 


nA 


1.25 mA 


-4.7x10’ 212.8x10“ 


736 //A 


„_ . “4.7x10 9 f 75xl0“ 12 ) 

v r (75 ps) = -2(4700 )e 1 - 

(d) v l (75 ps) = v r (75 ps) = -6.608 V 


-6.608 V 
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2 . 


(a) 

(b) 

(c) 

(d) 


W = -Li 2 = 100 mJ at 7 = 0. 
2 

Thus, ( 0) = y/OA =316 mA 


and ( t) = i( 0)e 1 =316e 1/2 inA 



At t = 2 s, i(t) - 316e 1 mA = 116.3 mA . Thus, the energy remaining is 


W(2) = ^Li(2f =| 13.53 mJ 
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_R 100 

3. We know that i(t) = i(0)e ^ =2x10 3 e L , and that/'(500 jus) = 735.8 juA. 


Thus, 


too 

500x10 6 " 

-too 

500x10 6 ) 

f z'(500xl0~ 6 )^ 

i„ 

^735.8x10^ 6 

V 

2x 10~ 3 , 

v 2xl0~ 3 J 


50 mH 
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R 

—t 


4. We know that i(t) = i(0)e L =l.5e 
3x10 3 


R 

3xl(T : 


and that z'(2) = 551.8 inA. 


Thus, 


R = ~- 


-ln 


f K 2)> 

3x10 

f 0.5518^ 


1.50 inD 

L 1.5 J 

2 

l 1.5 J 
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R 

- 1 


5. We know that i(t) = i(0)e L =\.5e 


R 

3x10“ : 


and that W( 0) = 1 J; W( 10^ 3 ) = 100 mJ 


At 

ll 

o 

At 

t= 1 ms, 

Thus, 

R = - 


-(3x1 

2 ' 

3x10 3 
t 


) 3 )[z(l0 3 )] 2 =0.1 therefore i(10“ 3 ) = 8.165 A. 


In 


V z (0) j 


3x10 3 , ( 8.165^ 
-In 


0.001 


25.82 


3.454 Q 
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6 . 

(a) Since the inductor current can’t change instantaneously, we simply need to find ?' L while 
the switch is closed. The inductor is shorting out both of the resistors, so z'l(0 + ) = 2 A. 

(b) The instant after the switch is thrown, we know that 2 A flows through the inductor. By 
KCL, the simple circuit must have 2 A flowing through the 20-0 resistor as well. Thus, 

v = 4(20) = 80 V. 
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7. (a) Prior to the switch being thrown, the 12-Q resistor is isolated and we have a simple 

two-resistor current divider (the inductor is acting like a short circuit in the DC circuit, 
since it has been connected in this fashion long enough for any transients to have 


decayed). Thus, the c urrent z L through the inductor is simply 5(8)/ (8 + 2) =\4 A. 


The voltage v must be 0 V. 


(b) The instant just after the switch is thrown, the inductor current must remain the same, 


so 

resistor, 


z'l = 4 Aj KCL requi res that the same current must now be flowing through the 12-0 


so v= 12(-4) 


-48 V. 
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8 . 

10 3 10 6 

(a) i (0) = 4.5mA, R/L =-- =- 

W L 4xl(T 3 4 

.'. i L = 4.5^ lo6,/4 mA .-. 4(5 //j) = 4.5<T 125 


= 1.289 mA. 


(b) 4w( 5 jus) = 9-1.289 


7.711 mA. 


10 March 2006 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers 
and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 





www.eisolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Eight Solutions 


9. 

(a) 

(b) 

(c) 


4 (0) = ^ = 2A -'-4W = 2e 


- 80 ?/ 0.2 


2e^ 00 'A,t>0 


4(0.01) = 2e 4 = 


36.63mA 


2c -400 ' 1 = 1, e 400 ' 1 = 2, t = 


1.7329ms 
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10.(a) 


L—+5i = 0 
dt 


[ 1 ] 


v R = -2i so Eq. [1] can be written as 


d 


L 


-v 0 


dt 


--5 


“Vo 


= 0 or 


2.5—^- + 2.5v„ = 0 
dt R 


(b) Characterist ic equation is 2.5s + 2 .5 = 0, or s + 1 = 0 


Solving, 


s = —1, v R (t) = Ae 


(c) At t = 0 , z(0 ) = 5 A = i(0 + ). Thus, v R (t) = -lOe ‘,t > 0 

^(0) = |(10)= 6.667 V 

^(0 + ) = -10V 

^(1) = -10A'= -3.679 V 
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11 . 

(a) 


— = e ,l \- = in—,— = 10 .-. - = MO = 2.303; 

I r i i t 


^ = 100,- = 4.605; ^ = 1000,- = 

i t i x 


6.908 


(b) 


i_ = e -,„ dWi A= _ e , r , u/r= 

I a d(t/r) d() 

Now, v = m(x - 1) + b = -A 1 (x - 1) + e\ — = x, — = v 

\ 

At _y = 0, A 1 (x -1) = A 1 :.x = 2:.t/r =[2~| 
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12. Reading from the graph current is at 0.37 at 2 ms 


.'. t = 2 ms 
I 0 = 10 A 
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2 

13. w =\2 L i , so an initial energy of 15 mJ in a 10-mH inductor corresponds to an initial 

inductor current of 1.732 A. For R = 1 kQ, r= L/R = 10 jus, so i\it) = 1.732 e~° At A. 

For R = 10 kQ, r= 1 ps so z L (0 = 1.732 e t . For R = 100 kQ, r= 100 ns or 0.1 ps so 
iiit) = 1.732 e m A. For each current expression above, it is assumed that time is 
expressed in microseconds. 

To create a sketch, we firs t realise that the m aximum current for any of the three cases 
willbe 1.732 A, and after one time constant (10, 1, or 0.1 ps), the current will drop to 
36.79% of this value (637.2 m A); after approximately 5 time constants, the curren t will 
be close to zero. 



PARAMETERS: 
NAME1=Resi stance 
VALUE1=0 


-A/W- 

{Resistance} 

LI 

10mH 

10=1.732 ~ 


Sketch based on hand analysis 


Circuit used for PSpice 
verification 


As can be seen by 
comparing the two plots, 
which probably should 
have the same x-axis scale 
labels for easier 
comparison, the PSpice 
simulation results obtained 
using a parametric sweep 
do in fact agree with our 
hand calculations. 



For Help, press FI 


Time= 10.00E-06 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers 
and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 







































www.eisolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Eight Solutions 


14. 


(a) 


r = ■ 


3.3x10 

lxlO 6 


= 3.3x10 


-12 


(b) 


1 T j 2 

co = —.L.L 
2 0 




2x43xl0~ 


3.3x10 


-6 


= 5.1 A 


i(5ps) = 5.le 1 


1.12 A 


(c) 




10 March 2006 


From the PSpice 
simulation, we see that 
the inductor current is 
1.121 A at t = 5 ps, in 
agreement with the hand 
calculation. 
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15. Assume the source Thevenin resistance is zero, and assume the transient is measured to 
5x. Then, 


x = — 5x = —= 100x10 9 secs 
R R 

. (5)(125.7)10 6 

1 A 7 


so R must be greater than 


6.285 kQ. 


(If 1 x assumed then R > 


6.285 

5 


125.7Q) 
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16. For t < 0, we have a current divider with z'l( 0‘) = z x (0") = 0.5 [ 10 (1/ (1 + 1.5)] inA 
= 2 mA. For t > 0, the resistor through which i x flows is shorted, so that i x {t > 0) = 0. 

The remaining 1-kQ resistor and 1-mH inductor network exhibits a decaying current such 
that /l(7) = 2e" , r mA where r= L/R = I jllS. 


(a) 


(b) 



ix 

i 

(mA) 

2 



► t (jas) 
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17. 

(a) 

(b) 


(c) 


ic[v(0)] 2 =10- J so v(0) = J^7= 44.72 V 


x = RC = 100 s 


v(t) = v(0)e‘ </i?c = 44.72e~ 001 ' V 
Thus, v(20) = = 44.72e _001(20) = 36.62 V 


. v 36.62 
Since i = — 


A’ 100 xlO 6 


366 nA 


HW8_17 (active) 



Tine 


< R1 

lOOMeg 


Cl 

1u 

1C = 44.72 
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18. If 

(a) 

(b) 

(c) 

(d) 


z'(0) = 10 A, v(0) = 10 V. v(t) = v(0)e ,/i?c = lOe' /2 V 


At t = 5 s, 
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19. 


(a) 

(b) 

(c) 


Referring to Fig. 8.62, we note that r= RC = 4 s. Thus, 
v(t) = v(0)e~ tlRC = 5e~ 025t V. 


v(l ms) = 5e 


v(2 ms) = 5e 


-0.25(0.001) 


-0.25(0.002) 


4.999 V 


4.998 V 


Therefore i (2 ms) = 4.998 / 1000 = 4.998 mA 


v(4 ms) = 5e 


-0.25(0.004) 


4.995 V 


W = -Cv 2 = 
2 


49.9 mJ 
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20 . 

Thus, 


(b) 


(a) v(t) = v(0)e 


-t/RC 


= 1.5e 


-t/RC 


V 


-t 

~RC 


= In 


1.5 


R = 


-t 


-2xl0~ 


C In 


v(t) 

1.5 


10 10 ln 


OJ 

1.5 


7.385 Q 



!’□! U(C1:1) 

Tine 



Cl 

loop 

1C = 1.5 


We see from the PSpice 
simulation that our 
predicted voltage at 2 ns 
agrees with the 
information used to 
calculate R = 7.385 Q. 
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21. The film acts as an intensity integrator. Assuming that we may model the intensity as a 
simple decaying exponential, 

<K0 = 

where the time constant r = RthC represents the effect of the Thevenin equivalent 
resistance of the equipment as it drains the energy stored in the two capacitors, then the 
intensity of the image on the film ® is actually proportional to the integrated exposure: 

/•exposure time „, 

o - k| 0 fa-'"it 

where K is some constant. Solving the integral, we find that 

® = -K^ r[w (exposuretime,/r - l] 

The maximum value of this intensity function is -K(j) 0 r. 

With 150 m s yielding an image intensity of approxim ately 14% of the m aximum 
observed and the knowledge that at 2 s no further increase is seen leads us to estim ate 
that 1 - e _150x10 / r = 0.14, assuming that we are observing single-exponential decay 
behavior and that the response speed of the film is not affecting the m easurement. Thus, 
we may extract an estimate of the circuit time constant as r = 994.5 ms. 

This estim ate is consis tent with the addition al observation that a t t = 2 s, the im age 
appears to be saturated. 

With two 50-mF capacitors connected in pa rallel for a total capacitance of 100 mF, we 
may estimate th e Thevenin equivalent resistance from r = RC as R t h = r / C 
9.945 Q. 
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22 . 

(a) 


v c (0) = 8(50||200)x^ = 192V 
v c (t) = \92e~ i000t/24 


192e~ 125 'V 


(b) 0.1 = e 


-125/ 


t = 18.421ms 
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23. 


(a) 

v c =80^ ,o6,/10 ° =80^ lo4 'V, t> 0 

; 0.5 = e- lo4 ‘ .• 

t = 69.31 jus 

(b) 

w =- C 8 OV 20 ’ 000 ' = - C80 2 .• 
c 2 4 

t = 34.66/15 
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24. 



t> 0: 4 = 0.'. v c (t) = 6.667 e 


-r/2xl0 4 x2xl(T 6 


— mA. 
3 


v c {t ) = 6.667 e 


- 251 


V 


-6.667 ^_ 25 , 
20xl0 3 ^ 


0.3333^ 25 'mA 



t (s) 
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25. 


v(o + )= 20V 
z(o + )=O.L4 


v(l .5ms) = 20e~ L5xl ° 3 ;50x20x10-6 = 4 .5V 
z(l .5 ms) = 0 A 


v(3 ms) = 20e 
i(3ms) = 0 A 


-3xl0 -3 /50x20xl0 -6 


= IV 
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26. 

(a) 



(c) 4 (t) = 30e 0r/ = 30A 5000 'mA, i L (0.3ms) 


= 30c 15 = 


6.694mA 


= -K 


Thus, 


L = -6.694 mA. 
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27. 

(a) 

(b) 


i L (0) = 4A i L (t) = 4c A (0 < t < 1ms) 


i L (0.8ms) = 4e 04 = 


2.681A 


i L (1ms) = 4e -0 ' 5 = 2.426A 


-250(^-0.001) 


:.i L (t) = 2A26e 
:.i L (2ms) = 2.426A 025 


1.8895 A 
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Engineering Circuit Analysis, 7” Edition 


Chapter Eight Solutions 


(a) i L = 40e 50 ’ 000 'mA .'.10 = 40 A 


• • h 


21.13/us 


(b) 


i L (10// s) = 40A 05 = 24.26mA i, 

= 24.26A (1000+ * )50 '(7>10//s) 

.-. 10 = 24.26A (1000+ * )5,<10 ^ £n2A26 = 0.8863 

= 0.25(1000 + R)10 3 ,1000 + R = 0.8863x4xl0 3 .'. R = 


2545+Q 
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29. 

(a) 


/, (0) = 20mA, / 2 (0) = 15mA 


.'. v(t) = 40 A 50000 ' + 45c 


- 100000 / 


V. 


v(0) = 85 V 


(b) v(l 5/js) = 40e + 45e -28.94V 


(c) — = 40A 50000 ' + 45e 

10 

.-. 45x 2 +40x-8.5 = 0 
-40 ±a/1600 + 1530 


-100000/. ^-50000/ _ 


:.x = 


90 


= 0.17718,<0 


.-. A 50000 ' =0.17718, t = 34.61// 5 
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3 °- r<0:v c =^^,H(0) 


2R, 


Ri+R 2 


Ri +R 2 


t>0:i L (t) = 


2R! 


-50R,t 


Rj + R 2 




e -50 R 2 t 

Ri+R 2 


v i;(0 + ) = to = 


2R.R 


r v 2 


Rj+R, 


.'. R[ ||R 2 = 5Q. Also, (lms) 


: 5 = lOe 
1 


-50ii,/1000 


0.05R 2 =0.6931. 


13.863 R, 


J __]_ . 


R 2 =13.863Q 


R, = 7.821Q 
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31. 

(a) 

(b) 


24 

6(0) = — = 0.4A. 
1 60 


i L (t) = 0.4e~ 750 'A, ?>0 


v = —x 24 = 20V, t<0 
x 6 

v ;t (0 + ) = 50x0.4x — = 7.5 V 
8 

:.v x (t) = 7.5e- 150 ‘V, t> 0 
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32. 


4 


v. = —-x 20 + 10/, =25i T 


v in — = 25Q.'. i L = 10c 


-25t/0.5 


10e~ 50 'A, t> 0 
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33. 


4 ( 0 ) = 


64 


40 c A 

-x — = 5A 


h = 5 e 


4 + 4018 48 

- 4,/8 = 5 A 3 'A 


.'. /, (t) = 2.5e 3 'A, t> 0; 

i x (-0.1)= 2.5 A 

/ j(0.03) = 2.285~A, t,(0.1) = 1.852 A 
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34. 

(a) 


i L (0) = 4A.'. i L = 4e A, 0<7<15ms 


.-./ i (15ms) = 4e 15 ^0.8925 + A 


(b) 7>15ms: i L = 0.8925 + A 20(M, ' 015) A 


.'. ^ (30ms) = 0.8925 + A°' 3 = 


0.6612A 
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35. 

(a) 

(b) 

(c) 

(d) 

(e) 



/, = 10(-440)jV 60 °W/ + 10 = 24e -600i |o+10 = 24e^ 600i 
4 =2.5(-1440)jV 60( V/ + 20 


= 6e 


-600/ t 


+20 = 


6A 600 '+14A 


14A 


(f) W, (0) = — xO.lxlO 2 + —x 0.4x20 2 = 5 + 80 = 85J 

2 2 

W (oo) = -x 0. 1 x 14 2 + -x 0.4x 14 2 = 9.8 + 39.2 = 49J 
2 2 

W R = f C °/ 2 48J/ = ["900x48 e X2m dt = 900 x 48 (_i) = 36 J 

R _ Jo -1200 

.'. 49 + 36 = 85 checks 
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36. 

2 2 100 2 

(a) v c (0) = 100x^-^x- = 33.33V; ^(0 ) = ^^x- = 16.667mA 

v c (9:59) = 33.33V, z,(9:59) = 16.667mA 


(b) 


v c (t) = 33.33 A' /40 V > 10:00v c (10:05) = 33.33A 300/40 ° 


= 15.745 + V, ij(10 :05) = 


15.745 

4000 


3.936mA 


(c) 


r= 400 s, so 1.2r=480 s. v c (1.2r) = 33.33 e“ 12 = 10.04 V, 
Using Ohm’s law, we find that = vc(1.2r)/ 4000 


2.51 mA. 


(d) PSpice Verification: 




We see from the DC analysis of the circuit that our initial value is correct; the Probe 
output confirms our hand calculations, especially for part (c). 
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37. 


r\ ^ • 

t > 0: = 1.25/ .-. 34 = 100(1.25/ - 0.8/ + 4) + 25/ i x = 0.2A 

20 x x 


(a) 4(0 ) = (1.25-0.8+ 1)0.2 = 


0.290 A 


(b) 4(0 ) = 0.2A 


(c) v c (/) = 25 x 0.2A' = 5e"'V /. 4(0 + ) = 


100 


0.05A 


34 20 33 2 

(d) 0.8/ (0 + ) = 0.04A.-. 4(0 + ) = — - 0.04 x — = — 

x s 120 120 120 


0.2767A 


(e) 4(0.4) = —x 5 A 0 ' 4 = 

100 


0.03352A 
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38. 



(c) PSpice Verification. 


tOpen=0 




Tine 


From the DC simulation, we see that PSpice verities our hand calculation of /'a = 50 mA. 
The transient response plotted using Probe indicates that at 100 ps, the current is approximately 
5.46 mA, which is within acceptable round-off error compared to the hand calculated value. 
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39. 

(a) i x (t) = 8(-l) 


12 


12 + 4 


-6mA (7<0) 


(b) 41|121|6 = 2kD., v c (0) = 48V 


:.v c (t) = 48e 


-10*V 5x2x10 3 


= 48A 100 'V, 7>0 


.'. i(t) = 12A mA, t >0 
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40. 

(a) 


(b) 


v a, : fS {) ) = 20 V. w(°) = 80V 

:.v CL =20^ lo6</8 ,v Ci{ = 80e 106?/0 8 
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41. (a) 


t< 0: Vg 025v c + \l + v c 40 = 0/-V = 20V(t<0) 

5 10 4 

t>0: Apply v c = IV A 1 ~ 0-25 + 0.1 - i in = 0.25A 


(b) 

(c) 


:.R 


eq 


1 

025 


= 4Q 



PSpice verification. Note that the switch parameters had to be changed in order to 
perform this simulation. 




As can be seen from the simulation results, our hand calculations are accurate. 
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42 - t<0: v c (0) = 60V 


-500/(i? o +1000) 


CC\ —10 6 r/(i?„+1000) . 50 

0<7< lms: v = 60c ° . .—e 

c 60 

.-.——— = £n 1.2 = 0.18232 .'.-^ + 2 = 5.4848 ,R = 
R o +1000 500 

.-. v c (1ms) = 60c~ 1000/2742 ' 4 = 41.67V 

t > 1ms : v c =41.67e _1 ° f(< “ 10 " 3) /(1742.4 + R, 111000) 


1742.4Q 


.-. 25 = 41.67c 


ioooo . 


.-.0.5108 = 


.1000 


1742.4 + R, ||1000 


, 1742.4+ Rjl 000 


= 1957.6, Rj 111000 = 215.2 —+ 10 3 = 1 


R, 


215.2 


R i = 


274.2Q 
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43. 

(a) With the switch closed, define a nodal voltage Vi at the top of the 5-kO resistor. 
Then, 


0 = (Vj- 100)/2 + (V 1 -Vc)/3+Vi/5 [1] 
0 = V c / 10 + (Vc - Vi)/ 3 + (V c - 100) [2] 


Solving, we find that V c = vc(O') = | 99.76 V. 


(b) t> 0: R e<? =10 6.5 = 3.939&Q .'. v c =87.59e =j 87.59e 25jy, Y(t>0) 
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44. t< 0: 

12 = 4z, + 20/j .’. Zj = 0.5mA .'. v c (0) = 6/j + 20/, = 26z, 
v c (0) = 13V 

t> 0: Apply<— 1mA .’. 1 + 0.6/, = z,.'. z, = 2.5mA; ±v ; „ = 30/, = 75V . 

.-. v e (0 = \3e- tn5m3xM0 " = 13A 106,/150 = 13e- 6667 ' 

v. 




3xl0 4 


0.4333e 6667, mA (/>0) 


10 March 2006 


R«,=75 kQ 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers 
and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 




www.eisolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Eight Solutions 


10 March 2006 


45. 

(a) 

(b) 

(c) 

(d) 

(e) 

(0 

(g) 
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46. 




(a) t< 0: i s =lmA.\ ± v c (0) = 10V, >1^(0) = - 

-1mA.'. v r (0) = 

10V,f<0 

«-*. 

V 

o 

II 

o 

o 

X 

to 

o 

X 

© 

II 

o 

1 

o 

o 

o 

< 



i L (l) = -10~ 3 e-10 3 ' /01 = -l(r 3 e _10000 'A ±v L {t) = A 10000 'V, 7>0 

ii 

l 

ii 

lOA 5000 ' -e- 10000 'V, t>0 
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47. 


(a) 

(b) 


t< 0: v, = 20V .'. v c = 20V, i, = 20mA .' i x (t) = 20mA, t< 0 


t> 0: v s = 0 .'. i, {t) = 0.02A lo0O °'A; v c ( t ) = 20e 
i 4(0 = 2x 10 8 X 20(-5000) A 5000 ' = -2A 5000 'mA 
4(0 = 4 (0 + 4(0 = 0.02A 10000 ' -0.002A 5000 'A = 


tt 2xl0“ 8 10 4 


= 20e _5000 'V 


20e 


- 10000 / 


-2e 


-5000/ 


mA 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers 
and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 




www.elsolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Eight Solutions 


10 March 2006 


48. 




1 

0.909 


1.1 A 


7 > 0 : i L (t ) = A 2 ' 363 ' A 
4(0.15) = l.le" 363x01 = 0.8685 A 


.'. since the current has dropped to less than 1A prior to t = 100 ms, the fuse does not blow. 


PSpice verification: Note that the switch properties were changed. 


V 1 r) 

DC=1 


R1 

-AAA- 

0.909 


tOpen^O 
1 2 
U1 

ttran=1u 

Rclosed=1n 

Ropen=10Meg 


R2 


2.36 


R3 <: 3m 


LI 



We see from the simulation result that the current through the fuse (R3) is 869 mA, in 
agreement with our hand calculation. 
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Chapter Eight Solutions 


v(t) = 6 u(t) — 6u(t — 2) + 3 u(t - 4) 


V 
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Chapter Eight Solutions 


i(t) = 2u(t) + 2u(t-2)-Su(t-3) + 6u(t-4 ) A 
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51. (a) 

X_l) = 6 + 6- 3= 9 

(b) 

f[0~) = 6 + 6- 3= 9 

(c) 

y(o + ) = 6 + 6-3 =[9] 

(d) 

/(l.5) = 0 + 6- 3 =[3] 

(e) 

X3) = 0 + 6-3=g 
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52. (a) g(_l) = 0-6 + 3 =|-3~1 

(b) g(0 + ) = 9-6 + 3^] 

(c) g(5) = 9-6 + 3=[6] 

(d) g( ll) = 9-6 + 3 =[e] 

(e) g(30) = 9-6 + 3=Q 
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53. (a) v A = 300«(7-l)V, v B = -1202/(7 + 1)V; i c = 3u(-t)A 


100 


7 = -1.5: /,(— 1.5) = 3x-= 1A 

300 


7 = 0.5: / 1 (-0.5) = ^^ + l=|0.6A; 


300 


nc • 120 f\ A \ 1C . 300 120,--. 

7 = 0.5: 2 , =-= -0.4A; 7 = 1.5: /, =-= 0.6A 

300 300 300 
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54. 


' v A = 600 tu (7 + l)v, v B = 600(7 + l)w(7) V, 4 = 6(7-l)w(7-l)A 


(a) 


(b) 


7 = -1.5: 4 =0; 7 = -0.5: i x = 600(—0.5) / 300 = 
7 = 0 . 5 : 7 1 =«^+ 600(L5) 


-1A 


300 


300 


4A 


1C . 600(1.5) 600(2.5) 1 , c , , nA 

7 = 1.5: i, =--—- +---- + -x6x0.5 = 3 + 5 + 1 = 9A 

1 300 300 3 
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55. 


(a) 2 m(-1)-3m(1) + 4i/(3) = -3 + 4=[T] 


(b) 

(c) 


[5-42)] [2 + 41)] [1-4-1)] 

= 4x3x1 =[l2~l 
44 ( 1 > 41) = 44 = |l.4715 + 
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56. 


(a) 

t< 0 


t> 0 

(b) 

r < 0: 


t > 0: 


100 n 20 

-+ 0 + 10x — = 

50 50 

n 60 

30 


6A 


2A 


t < 0: The voltage sourc e is shorting out the 30-Q resistor, so 4 = 0 


2 A. 
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7 = -0.5: 501125 = 16.667,4 =-2 

II x ca an 


200 , 1/50 _ 3 1_ 

66.67 1/50 + 1/25 + 1/50 “ 2~ 


2.5A 


7 = 0.5: 


• 200 J,A 

/, =-= 3A 


66.67 


, , , ^ 100 1 

7 = 1.5: / = 3-x — = 

* 66.67 3 


2.5A 


7 = 2.5: 


7 = 3.5: 


i = 


/, = 
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58. 


v(t) = 4 - \6u(t) + 20u(t - 4) - 6u(t - 6)V 


A 

4 

1 v(0 c 

V) 

8 

2 

0 

4 

-12 

6 t( s) 
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59. (a) 7 u(t) - 0.2 u(t) + 8(t - 2) + 3 

v(l) = 9.8 volts 


(b) 


Resistor of value 2Q 
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60. 

(a) 

(b) 

(c) 


V 

i(t) = 

R 


f R \ 

—t 

1-e L 

V J 


i(t ) A and v R (t) = i{t)R 


v r(0 = K 


f R_ t \ 

\-e L ‘ 

V J 


u(t) V 4.2(l-e^ 000 ')«(0 V 


; (2xl0 3 ) = 1.2(l-e 2 ) V : 


1.038 V 


si 


HW8_60 (active) 


□0® 


i 

i 

— 

— 

— 

— 

— 

— 

— 

— 

— 


— 

— 

— 

— 

a 

a 

i 












: 










































































... 






















\ 
























A1 = 2.OOOn. 1.038 








02 = 0.O0, 3.58* 
dif= 2.OOOn, 1.0S 

)Vi 

14 - 














-LI 








































































Os 1.Ons 

i”] U(R1:1) — U(R1:2) 


2. Ons 
Tine 


3.Ons 4.Ons 
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61. 




(a) 

i l (t) = (2-2e- 2mm ‘)u(t) mA 


(b) 

v, (; t) = = 15 x 1 (T 3 x 1 (T 3 (-2) 


(-200000 A 200000 ') u(t) = 

r —200000^ (4.W 7 

6e u(t)\ 
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63. 

(a) i L (t) = (4-4e- m/om )u(t) 
;.i L {t) = 4(\-e wm )u(t)A 


(b) 


v 1 (0 = (100-80e' IOOO 'MOV 
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64. 


0 W 


(b) The total inductance is 30 || 10 = 7.5 mH. The Th even in equivalent resistance is 
12 || 11 = 5.739 kQ. Thus, the circuit time constant is L/R = 1.307 qs. The final value of 
the total current flowing into the parallel inductor combination is 50/12 mA = 4.167 mA. 
This will be divided between the two inductors, so that /(go) = (4.167)(30)/ (30 + 10) = 
3.125 mA. 


We ma y therefore write /(/) = 3.125[ 1 - e- 
we find 


10°t/ 1.307 


2.810 A. 


] A. Solving at t = 3 qs, 


(c) PSpice verification 




05 I.Qus 2.Bus 3.0us h.Ous S.Ous 

jVjI(L2) 

_ 


We see from the Probe output that our hand calculations are correct by verifying using 
the cursor tool at t = 3 qs. 
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65. 


T — L/Rjh — 


30 x10 6 
51110 


30x10 6 
3.333 


9x10 6 


s 


(a) 


Thus, 

At 

so 


i(t) = i f (t) + in(t) 

-io 6 t/ 9 

/ = Ae 79 and i, = — 

" f 5 

9 r 

i(t) = — + Ae 9 
5 

t = 0, /(O') = z(0 + ) = 4.5/5. Thus, A = -4.5/5 = 0.9 


9 -i°_, 

*(0 = — °- 9e 9 A 

5 


(b) 


At t= 1.5 |us, i = i(t ) = 


9 

5 



1.038 A 


(c) 




HW8 65 (active) 



Time 


V2 


DC = 4.5 
AC = 
TRAN = 


- n 


R1 



LI 

30u 
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66 . 


T L/Rgq 


45x10 

10115 


45 x 10 3 
3.333 


0.0135 s 


(a) v R (t) = Vf + v n 

Vf (t) = 0 since inductor acts as a short circuit. 
Thus, v R (t) = v n = Ae 7407 '. 


At t= 0, /l = 12/10 = 1.2 A = 4.(0’) = / L (0 + ). 

Writing KVL for this instant in time, 16 - 10(1.2 + vr/5) = vr 
4 

Therefore v i; (0 + ) = —V and hence 


(b) At t = 2 ms, v R (2 ms) = ~ e 740?l 


4 

3 ' 


/ j\ ' — 74.07 1 \t 

= V 


xl(T 3 ) 


V 


1.15 V 


(c) 


DC = 12 
AC = 
TRAN = 


V 2 


R1 



R2 

5 


HW8_66 (active) 
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67. 



5x10 3 
100 


= 50 pi 


v,( t ) = v yf + v ln where v lf = 6 V since the inductor acts as a short circuit 


to 6 ? 

Therefore Vj (t) = 6 + Ae 50 


At t = O', z' L = 0 = z'l(0 + ). Thus, vi(0 + ) = 0 since no current flows through the resistor. 


Hence 


v t (0 = 6 


1-e 


10 ' 

~ 50 ~ 


’A 


V. 


At 

( = 27 ns, Vj(27xl0 -6 ) = 6 

' ii \ 

l-e" 50 

= 

2.5 V 



1 ) 
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68 . 


(a) 


i L (t ) = 10^4, t <0 


(b) i L (t) = S + 2e- st, °- 5 

i L (t) = 8 + 2e~ 10t A, t >0 
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69. 


(a) 


i L (t ) = 2A, t>0 


(b) i L (t) = 5-e- 4 " 0 ' 

:.i L (t) = 5-3e~ 40t A, t >0 
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70. 

(a) 0, 

(b) 

(c) 1A 

(d) 


0, 200V 


100 V 


z = • 


50xl0~ 


200 


\_ 

4 


v,(t) = (100 + 100A 4000 >(OV, v, 
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71. di 
dt 


+ P7 =Q, 7 = e~ Pt j Qe Pt dt + Ae~ Pt , R = 125Q, L = 5H 


.-. L — LP7 = LQ .'. LP = 5P = R = 125 P = 25 
dt 


(a) Q(f) = — = 2 = A 25 ' [le 25, dt + AA 25t = A 25i x —e 25 ' I'+Ae 

L Jo 1 


-25/ 


25 


2 _ 25t 10 2 . 2 

:.i = — + Ae , i( 0) =-= —.-. A = 0.’. i = — = 

25 125 25 25 


0.08A 


(b) Q(0 = = 2u (0 .-. i = A 25 '£ 2 e 25, dt + Ae" 51 = — + Ae" 5 ' 


2 _ 

25 


/(0) = 0 .-. A = - ^ i(t) = 0.08(1-e 25 ')A, 7>0 


(c) 

(d) 


Q(0 = 1Q + 1Q " (?) =2 + 2 u(t) .•.! / = 0.16- 0.08A 25 'A, t >0 


Q(0 = 


10tt(7)cos50r 


= 2 u(t) cos 50t.'. i = e 251 [ 2 cos 507 x e 25l dt + Ae 

Jo 


i = 2e 

= 2A 25 ' 

2 


-25 1 


lit 


50 2 +25 2 


(25 cos 507 + 50 sin 507) 


+ Ae 


-25/ 


25/ 


—— (25 cos 507 + 50 sin 507)--— x 25 

3125 3125 


+ Ae 


-25/ 


--cos507H——sin507—— e 251 + Ae 25t 

125 125 125 

7(0) = 0 .'. 0 = —-— + A .'. A = 0 

125 125 


7(7) = 0.016cos507 + 0.032sin507-0.016e 2v A, 7>0 
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72. 


(a) 

(b) 

(c) 

(d) 
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73. 


18 1 

i. (0 ) =-X- = 0.1A .-. i, (0 + ) = 0.1A 

1 60 + 30 2 L 

i L (co) = 0.1 + 0.1 = 0.2A 

.'. i L (t) = 0.2-0.1A 9000 'A, 7>0 


.-. i L (0 = 0.1 u{-t) + (0.2 - 0. le -9000 ') u{t)A 


or. 


i L (0 = 0.1 + (0.1 - 0. lA 9000 ') u(t)A 
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74. 

W i(0-) = ||x| = 3A,4(0-) = 


4A 


(b) 4(0) = 4(0) = 4 A 


(c) 4 (g°) = 4 (°°) = 3 A 

.-. /(O = 3 + 1A 10 ' 70 - 5 = 3 + A 20 'A.-. 4(0.04) 


= 3 +A 08 0 3.449A 
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(a) 4(0 ) = 4(0 ) - 77“ H 3A 


10 


<b) i l( 0*) = ———x—+3x——— =| 2.4A 


30 + 7.5 40 10 + 15 


(c) i (qo) = — x — = 3A .’. 4(0 = 3 - 0.6<r 6,/0 ' 5 
7.5 40 


= 3-0.6 A 12 ' .'.4(0.04) = 3-0.6e 


-0.48 


2.629A 
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76. OC: v x = 0, v oc =4 u(t)V 

A A 

SC : 0.1tt(0 = Vx ~ ' V ' Y + — ,\2u(t) = 0.6v + 2v 
40 60 


v.. = ■ 


12 u(t) 
2.6 


12 u(t) u(t ) 


60 2.6x60 13 


• D . I o rACA . • 4 u(t^ ^ —52t/0.2\ /a tl(tj ✓ < —260 1 

.. R,,, = 4xl3 = 52£2..i, =— : — (1-e )u{t) = -(1-e 


52 


13 


C = 604 = 


4.615 + (1 - e~ 260 ' )u(t)V 


10 March 2006 
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77. 

(a) 


OC: -100 + 30/, + 20/, = 0, /, = 2A 
■■■V =80 u(t)V 

SC: i = 10A, i i = 10+ 20x10 = 20A 
1 20 


.-. R iA = 4Q .'. i L (t) = 20(l-e _40 ')w(/)A 


(b) 


v L = 0.1x20 x40e 40, «(/) = 80e 


■'■h (0 = 


100 »(/)- 80 e +(/) 

10 


-40 1 

u(t ) 

lO-Se- 40, u(t)A 
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78. t = R eq C = (5)(2) = 10 s 
Thus, v n (t) = Ae~ 02t . 


v = v n + v f = Ae 0M +Be 51 . 


At t = 0, v(0) = 0 since no source exists prior to t = 0. Thus, A + B = 0 
As t —> oo, v(oo) — > 0 . We need another equation. 


z'(0) = C— = -^-(2) therefore — 
dt 5 w dt 


1 = 0 + 


4.7 4.7 

— or -Q.\A-5B = — 
5 5 


Solving our two equations, we find that A = -B = 0.192. 
Thus. 


v(t) = 0.192(e~ o u 5> ) 


10 March 2006 
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79. Begin by transforming the circuit such that it contains a 9.4 cos At u(t ) V voltage source 
in series with a 5 Q resistor, in series with the 2 F capacitor. 

Then we find that 

9.4 cos At = 5 i + v 

= (5)(2)^ + v 
dt 

or ^- + 0.1v = 0.94 cos At , so that v(t) = e~° (0.94 cos At)e 01l dt + Ae~ o u 

Performing the integration, we find that 


v(t) = 0.94 


10cos4t + 400sin At 
1+1600 


+ Ae 


•0.K 


At t = 0, v = 0, so that A = 


0.94 

l60l 


( 10 ) 
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80 -( a ) v e (0-) = ^x3 = 2V = v c (0 + ) 
v c (oo) = 2 - 6 (21|7) y = -6V 

. /j.\ /T I o — 10%/2xl0^ /" . o —SOOOOO^-vt r\ 

:. v c (t) = -6 + 8e = -6 + 8e V, £>0 

v c (-2//s) = v c (0~) = 2V, v c ( 2 / js ) = -6 + 8A 1 =-3.057V 


(b) 


PSpice verification. 


R1 R2 




As can be seen from the plot above, the PSpice simulation results confirm our hand 
calcu lations of vc(t < 0) = 2 V and vc(t = 2 ps) = -3.06 V 
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Since 


Engineering Circuit Analysis, 7 th Edition Chapter Eight Solutions 


t = RC = 2x 10 3 (50) = 0.1 
v„ = Ae- 10 ' 


v c (t) = v Cn +v Cf = Ae 10 ' +4.5 since v c (oo) = 4.5 V 
v c (0) = v c (0 + ) = 0 


v c (t) = -4.5e -10 ' + 4.5 
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09 10 

^(0 ) = — = 10mA, ^(00)= 2.5mA, v c (0) = 0 


i (0 + ) = — x- 1.4286mA /I /•= 10mA, KO 
1.75 4 ^- 


=2.5+ (1.4286-2.5) e 


-10 ?/l.75x10 


2.5-1.0714A 57140 'mA, 7>0 
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83. ^(0 ) = - 7 - = 2.5mA, z'^(oo) = 10mA 
4 

v c (0) = 7.5V.'. z 4 (0 + ) = y + = 17.5mA 

i A =10 + 7.5A loSf/1 ° 3 = 10 + 7.5A 10 'mA, t> 0, i A = 2.5mA 7<0 
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84. 

(a) i in (-1.5) =[o] 

(b) ii n (1.5) =£5] 
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(a) v s =-\2u(-t) +24 u(t)V 

t< 0: v c (0“) = -8V .'. v c (0 + ) = -8V 

7>0: v r (oo) = —x24 = 16V 
3 

RC = —xl0 3 x3xl0 7 =2x10 3 
30 

:.v c (t) = 16-24 A 500 'V, 7>0 
.• v c ( t ) = -8 u(-t) + (16 - 24 



t(s) 


—1? 94-i-S 

(b) 4l(r} = ^o" = '°- 4mA ’ 4l(0+) = IF = 3 - 2mA 

24 

i (oo) = — = 0.8mA 
" 30 

ijt) = -0.4 u(t) + (0.8 + 2.4e 500, )«(OmA 
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86 - OC: —+ -—— = 0v = 1, v = 3 -1 = 2V 

100 100 100 


SC: v = 3V.'. i=^- + ^- = 0.06A 
100 100 

R ,h = v oc /L =2/0.06 = 33.33Q 


v c = v oc (1 _ e~ tlRfhC ) = 2(1 - e 


-10 l/33.33\ 


= 2(1-A 30 ’ 000, )V, 7> 0 
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87. 


v c (0”) = 10V = v c (0 + ), i in (0 ) = 0 
4,(0 + ) = 0 4,(0 = 0 for all t 


0<7< 0.5^ : v„ = 10(1 -e 2 ' 5 ')V 
v c (0.4) = 6.321V v c (0.5) = 7.135V 


7>0.5: 20 10 =_ A , v c (oo) = 10 + 8 + - = — V, 4||8 = -n 
12 6 c 6 3^3 


,. 50 

v ,(0 = y+ 


f 


7.135- — 

3y 


-0.375x20(7-0.5) 


= 16.667-9.532e 


- 7 . 50 - 0 . 5 )- 


V 


v (0.8) = 16.667-9.532e 7 - 5(03) =f 15.662V 
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88 . 


(a) For t < 0, there are no active sources, and so 


v c = 0. 


For 0 < t < 1, only the 40-V source is active. Rth = 5k || 20 k = 4 k£2 and hence 
r= R t h C = 0.4 s. The “final” value (assuming no other source is ever added) is found 
by voltage division to be vc(oo) = 40(20)7(20 + 5) = 32 V. Thus, we may write 


v c (0 = 32 + [0 - 32] e~ t,0A V 


32(1 - e' 2 ' 5t ) V. 


(b) 


For t> 1, we now have two sources operating, although the circuit time constant remains 
unchanged. We define a new time axis temporarily: f = t - 1. Then vcif = 0 ) = 
vc (t = 1) = 29.37 V. This is the voltage across the capacitor when the second source 
kicks on. The new final voltage is found to be vc(oo) = 40(20)/ (20 + 5) + 

100(5)/(20 +5) = 52 V. 

Thus, v c (f) = 52 + [29.37 - 52] e 2 ' 5< ’ = 


52-22.63 e 2 - 5(t ~ l) V. 



For t < 0, 

vc = 0. 


(c) 



TD=1 

TR=1ns 

TF=1ns 

PW=4s 

PER=2s 



We see from the simulation results that 
our hand calculations and sketch are 
indeed correct. 
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89. 

(a) 

(b) 


(c) 

(d) 


t< 0: 8(10 + 20) = 240V = v* (t) = 80V, t< 0 


t< 0: v c (0 = 8 x 30 = 240V .'. v c (0 + ) = 240V 
t = ( oo): v c (oo) = ^x8(10 + 10) = 80V 


v c (0 = 80 + 160e' 


-r/lOxlO 


= 80 + 160e 


lOOOOOr 


V 



v (0“) = 80V, v c (oo) = 240V v c (0 = 240 -160e 


—f/50xl0 


= 240-160e 


-20000 t 


V 


20 80 

v„(0 ) = 80V, v„(0 + ) = 8 -xIOh -xl0 = 32 + 16 = 48V 

R R 30 + 20 50 


Vj,(oo) = 80V .'. v R (t) =|8Q-32e -20Q00 'V, 7>0 
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90. 7< 0: v c = 0 

0< t < 1ms: v c = 9(1 -e” 1 ° 6f/( ' Rl+100) ) 

. g _ QQ_g-1000/(iJ[+100)N ]_ _ ^-1000/(^+100) 

1 e J, 9~ e 


= 2.197, Rj = 355.IQ 


1000 

" Rj+100 

t> lms: v c = 8 e _1 ° 6(7( ' R2+100) ? t ' = t -10 3 1-8^ 1000 (R 2 + 100) 
1000 


R 2 + 100 


= 2.079, R 2 =480.9-100 = 380.90 
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= 2 00e 


- 2000 ? 


V 

1000 / 


v XiC = 100(l-e )V 

v = v , —v =0 

x x L x c 

200e~ 2 ° OOr = lOO-lOOe -1000 ' 

.-.1 OOe~ 1000 ' + 200(e~ 1000 ' ) 2 -100 = 0 

-looo/ _ -100 + ^10,000 + 80,000 


.. e 


- 1000 / 


400 
= 0.5, t = 


= -0.25 ±0.75 


0.6931ms 
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92. 


P(t < 0) = I 2 R = 0.001 2 x 10 3 = 0.001 W 


V mit = /.i? = 7 X 10 3 X 900 = 6.3 V 

V 2 

P.. t = — = 0.08 W 

imt j-f 

K 


Vfmai = 7 x 10~ 3 x 900Q//1000Q = 3.3 V 



Power (W) 


A 


8 


2 


4 


6 



► 


Time (ms) 
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93. For t < 0, the voltage across all three capacitors is simply 9 (4.7)/ 5.7 = 7.421 V. The 
circuit time constant is r= RC = 4700 (0.5455x10‘ 6 ) = 2.564 ms. 

When the circuit was first constructed, we assume no energy was stored in any of the 
capacitors, and hence the voltage across each was zero. When the switch was closed, the 
capacitors began to charge according to Vi Cv 2 . The capacitors charge with the same 
current flowing through each, so that by KCL we may write 

r d\\ _ r dv 2 _ dv 3 
at at at 

With no initial energy stored, integration yields the relationship C\V\ = C 2 v 2 = C 3 V 3 
throughout the charging (z.e. until the switch is eventually opened). Thus, just prior to 
the switch being thrown at what we now call t= 0 , the total voltage across the capacitor 
string is 7.421 V, and the individual voltages may be found by solving: 

v\ + V 2 + V 3 =7.421 
10 ' 6 v 1 - 2 x 10 ' 6 v 2 =0 

2 xl 0' 6 v 2 - 3 x 10" 6 v 3 = 0 


so 


(a) 

(b) 

(c) 


that v 2 = 2.024 V. 

With the initial voltage across the 2-uF capacitor now known, we may write 


v(t) = 2.024 e 


-t! 2.564x10"' 


V 


v(t = 5.45 ms) 


241.6 mV. 


-t! 2.564x10'- 


V. 


The voltage across the entire capacitor string can be written as 7.421 e 
Thus, the voltage across the 4. 7-kQ resistor at t = 1.7 ms = 3.824 V and the dissipated 


power is there fore| 3.111 mW. 


Energy stored at t= 0 is !/2 Cv 2 = 0.5(0.5455xl0' 6 )(7.421) 2 = 15.02 pj. 
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94. voltage follower .'. v a (t) = v 2 (t) 

v 2 (0 = 1.25k(0V = v o (t) 
v x (t) = l ,25e~ l ° 6,0 ' 5x200 u(t) 

= 1.25e~ 10 ' 000 ' u(t)V 
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95. This is a voltage follower .'. v 0 (f) = v 2 (t ), where V 2 (t) is defined at the non-inverting input. 
The time constant of the RC input circuit is 0.008(1000+250) = 10 s. 


Considering initial conditions: vc(O') = 0 .'. vc(0 + ) = 0. 
Applying KVL at t = 0 + , 


Since 

As 


5 v 2 5q/250 + V 2 /IOOO. 


at t = 0 + V 250 = V 2 , we find that v 2 (0 + ) = 1 V. 
t — » 00 , v 2 —^ 0 , so we may write, 


v o (0 = v 2 (0 = 


1.0e" ?/1 ° u(t) V. 


PSpice verification: 




a U(uin) exp(-0.1* Tine) 


Tine 



In plotting both the hand-derived result and the PSpice simulation result, we see that the 
ideal op amp approximation holds very well for this particular circuit. Although the 741 
contains internal capacitors, it does not introduce any shorter time constants than that of 
the input circuit. 
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96. For t < 0, the current source is an open circuit and so i\ = 40/ 50 = 0.8 A. 


The curre nt through the 5-Q resistor is [40 - 10(0.8)]/ 5 = 7.2 A, so the inductor current 
is equal to 


-7.2 A 


PSpice Simulation 




P8.78 (active) 


From the PSpice simulation, we see th at our t < 0 calculation is indeed correct, and find 
that the inductor current at t = 50 ms is 7.82 A. 
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97. (a) 


Vj = 0 (virtual gnd) .'. i = —-e 20 ' 000l u(t )A 


i r,7 f ^ 4 -20,000c 7. -20,000c 1c 

-v c =10j o j^e dt = - 0.2e j 0 

.-.v c (t) = 0.2(1 -e~ 20 ’ mt )u(t) 
v R (t) = 10 3 i{t) = 0.4e- 20 ' 000 'w(OV 
.-. vjt) = -v c (t)-v R (t) = (-0.2 + 0.2^ 20 ' 000 ' -O.4e^ 20 ’ 000 ')i/(0 


v o (0 = -0.2[1 + e " 20xI ° f ] u (t) V. 


(b) PSpice verification: 




We can see from the simulation result that our ideal op amp approximation is not 
providing a great deal of accuracy in modeling the transient response of an op amp in this 
particular circuit; the output was predicted to be negative for t > 0. 
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98. One possible solution of many: implement a capacitor to retain charge; assuming the 

light is left on long enough to fully charge th e capacitor, th e stored ch arge will run the 
lightbulb after the wall switch is turned off. Taking a 40-W light bulb connected to 115 
V, we estimate th e resistance of the light bu lb (which chan ges with its temperature) as 
330.6 Q. We define “on” for the light bulb som ewhat arbitrarily as 50% intensity, taking 
intensity as proportional to the dissipated pow er. Thus, we need at least 20 W (246 mA 
or 81.33 V) to the light bulb for 5 seconds after the light switch is turned off. 



The circuit above contains a 1-MD resistor in parallel with the capacitor to allow current 
to flow through the light bulb when the light switch is on. In order to determ ine the 
required capacitor size, we first recognise that it will see a Thevenin equivalent resistance 


of 1 M Q || 330.6 Q = 330.5 Q. We want vr(t= 5s) = 81.33 = 1 15 e 5lr , so we need a 
circuit time constant of t = 14.43 s and a capacitor value of t! R t h 


43.67 mF. 
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99. Assume at least 1 pA required otherwise alarm triggers. 

Add capacitor C. 
v c (l) = lvolt 

v c (0) = 1000 .1.5 = 1.496 volts 
c 1002.37 

—— i 

.'. We have 1 = 1.496e 106c or C = —- r - 

10 6 A?(1.496) 


2.48pF 
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100. (a) Note that negativ e times are not perm itted in PSpice. The only way to m odel this 

situation is to shift the time axis by a fixed amount, e.g., /' = / + !. 
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(b) Negative times are not permitted in PSpice. The only way to model this situation is to 
shift the time axis by a fixed amount, e.g., t' = t + 2 . 
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101. (a) t = LI R = 0.1s. This is much less than either the period or pulsewidth. 



(b) 



HW8_101 (active) 



□ U(R1:1)~ U(R1:2) 

Time 
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102. (a) v = LI R = Is. This is much less than either the period or pulsewidth. 



(b) 


BBS 



□ I(LI) 

Tine 
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103. 
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104. 



500x10 6 




14.7 x 10 3 


The transient response will therefore have the form Ae 29 4x10 ' 



(b) 



A 





7TL 








iso A'ifo 

4 



(c) 
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1. Parallel RLC circuit: 


(a) 


a = 


2 RC (2)(4 || 10)(10 6 ) (2)(2.857)(1(T 6 ) 


3 -1 


175x10 s 


(b) 


= 


JLC ^2xl(T 3 )(l(r 6 ) 


22.4 krad/s 


(c) 


The circuit is overdamped since a > co 0 . 
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2. Parallel RLC circuit: 


(a) For an underdamped response, we require a <co 0 , so that 


1 1 „ 1 L „ 1 2 

-< ,— o r R>—\— ; R> -\—w 

2RC 4lC 2 \C 2 V 10 12 


Thus, 


R > 707 kfi. 


(b) For critical damping. 
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3. Parallel RLC circuit: 


(a) 


a = 


IRC (2)(4 || 10)(10 6 ) (2)(1)(10 9 ) 


5xl0 8 1 


co n = 


Vic ^(io- | 2 )(io-’) 


= 3.16x10 rad/s = 


31.6 Trad/s 


(b) Sj 2 =-a± sja 2 - col = -0.5 x 10 9 ± j^\ 0 21 -(0.25)(10 18 ) = -0.5 ± ,/31.62 Grad/s 


(c) 


The circuit is underdamped since a <co 0 
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4. Parallel RLC circuit: 


(a) For an underdamped response, we require a <co 0 , so that 


1 1 I t I 10 15 

-< i - o r R> —\—; R> -\ -nr 

2 RC 4lC 2 V C 2 \ 2xl0~ 8 


Thus, 


R > 11.18 Q. 


(b) For critical damping. 



(c) For overdamped. 


R < 11.18 Q 
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co a L = lOQ,^ = -6s 1 , s 2 = -85 1 

.'. -6 = a + y]a 2 — co 2 , - 8 = -a - ^a 2 -co 2 0 adding, 
-14 = -2a a = ls~ x 


-6 = -7 + J 49-co 2 =48 ^-,a> 0 = 6.928 
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6 . 

(a) 


4 = 40e- ,00t -30e 2UU 'mA, C = lmF, v(0) = -0.25V 


- 200 / 


v(t) = — f i dt - 0.25 = f '(40 A 100 ' -30 e 2m )dt - 0.25 

Jo Jo 

v(0 = -0.4(A 100 ' -1) + 0.15(e 200f -1) - 0.25 

•••v(0 = ; 


-0.4A 10 °'+0.15A 200r V 


(b) 


s i =-\00 = -a + yja 2 -co 2 , s 2 = -200 = -a - yj a 2 -co 2 
.•. -300 = -2a, a = 150s -1 

.-.150 + —-—r-,R = —— = 3.333Q Also, 

2R10 3 150 

-200 =-150-^22500-co 2 co 2 = 20000 

20000 = — = —, L = 0.5H 
LC L 


••• i R (0 


v 

R 


0.12 A 100 ' + 0.045A 200 'A 


(c) 


( i)t = -i R ( t ) - 4 (0 = (0.12 - 0.04)A 100 ' + (-0.045 + 0.03)A 200 ' 


80A 100 '-15A 200 'mA, f>0 
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7. 

(a) 


Parallel RLC with co 0 = 70.71 x 10 12 rad/s. L = 2 pH. 


co 2 = —= (70.71xl0 12 ) 2 
LC 

So 00.0-^-— 

(70.71x10 2 ) 2 (2x 10~ 12 ) 


aF 


(b) 


(c) 

(d) 


(e) 


a = —-— = 5xl0 9 
2RC 
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8. Given: L = 4R’C, a = 


2RC 


Show that v(t) = e at (A x t + A 2 ) is a solution to 


d~v 1 dv 1 

C— r +-+ — v = 0 

dt R dt L 


[ 1 ] 


dv 

dt 


d 2 v 
dt 2 


= e' at (A l )-ae at (A l t + A 2 ) 

= (A, - a A f t -a A 2 )e at [2] 

= (A 1 -a A x t - a A 2 ) (-ae a ') - a A x e~ at 

= -a(A 1 - a A 2 + A { - a A t t) e~ a ‘ 

= -a(2A l -aA 2 -a A x t)e a> [3] 


Substituting Eqs. [2] and [3] into Eq. [1], and using the information initially provided, 


1 


f 


2RC 

_ 1 _ 

2RC 
= 0 


(2A,)e at + 


^ 1 


v 

■at 


2RC 


(A\t + A 2 )e + 


1 


(AJ + A^e at + - (AAe af 

1 27 RC \ 17 

(A t t + A 2 )e a ‘ 


4 R 2 C 2 


Thus, v(t) = e a \A x t + ^4 2 ) is in fact a solution to the differential equation. 


Next, with v(0) : 


A 1 =16 


, dv 
and — 
dt 


= (A 1 - a A 2 ) = (A l -16a) = 4 


1=0 


we find that 


A x = 4 +16a 
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9. 


Parallel RLC with co 0 = 800 rad/s, and a = 1000 s' 1 when R= 100 O. 
1 


a = 


2 RC 


so C = 5pF 


7 1 

or =- so L = 312.5 mH 

0 LC 


Replace the resistor with 5 meters of 18 AWG copper wire. From Table 2.3, 18 AWG soft solid 
copper wire has a resistance of 6.39 Q/ 1000ft. Thus, the wire has a resistance of 


(5 m) 


100 cm 


V lm J 


r 


lin 


A 


2.54cm 
= 0.10480 or 104.8mO 


lft 

v 12in j 


6.390 


v 1000 ft J 


(a) 

(b) 

(c) 


The resonant frequency is unchanged, so 
1 


or = 800 rad/s 


a = 


3 -1 


2 RC 


■■ 954.0x10 s 




a old 


CD. 


cx 

r _ ^new 
S new 

or 


Define the percent change as 


a ° ld x 100 


C new C old 


x 100 


Sold 


a 


old 


= 95300% 
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10 . 

(a) 


L = 5H, R = 8Q, C = 12.5mF, v(0 + ) = 40V 


, /nn OA 1 1000 ^ 2 1 

z(0 ) = 8A: a =-=-= 5, co“ =-= 16, 

2RC 2x8x12.5 0 LC 

co o = 4 Si 2 = -5 ± V25 — 16 = -2, - 8.'. v(t) = Aj A 2 ' + A 2 A 


.-. 40 = Aj + A 2 v'(0 + ) = 


1000 


12.5 


40 

-i L ( 0 + )-= 80 (-8-5) = -1040 

8 


v / s = -2Aj -8A 2 . - . -520 = -A l -4A 2 -3A 2 = -480, A 2 = 160, Aj =-120 


.'. v(7) = -120A 2 ' + 160A S 'V, t> 0 


(b) 4(0 + ) = 8A Let ( t) = A,e 2t + A,e % '\ 4(0 + ) = 


v(0 + ) 40 


R 


= — = 5A 
8 


.-. z(0 + ) = A 3 + A 4 = -i R (0 + ) - i c (0 + ) = -8 - 5 = -13A; 
40 

z( 0 + ) = -2A 3 -8A 4 =y = 8 A/s.‘.4 = -A 3 -4A 4 
—3A 4 = —13 + 4, A 4 = 3, A 3 = —16 .". i(t) — 


-16e 2 '+3e 5, A, t>0 
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11.(a) R ' =-= 1.581 Q 

c 2\C 2 \ 1(T 4 2 

Therefore 


R 


O.lRc 


158.1 mfl 


(b) a --—- = 3.162xl0 4 s 1 and co n = = 3.162x10 3 rad/s 


2RC 


4lc 


Thus, 


s i,2 =-c(±-\Ja 2 - col = -158.5 s 1 and -6.31xl0 4 s 1 


So we may write i(t) = A x e 158 ' 5 ' + A 2 e 


With /(O') = z(0 + ) = 4 A and v(0 ) = v(0 + ) = 10 V 


Noting 


Ai+ A 2 - 4 


v(0 + ) =L — 
dt 


[ 1 ] 


= 10 


/=0 


10 3 (-158.54-6.31xl0 4 A) = 10 P] 


Solving Eqs. [1] and [2] yields A\ = 4.169 A and ^2 = -0.169 A 
So that 


i(t) = 4.169e 158 51 - 0.169e’ 6 - 3M ° 4 ' A 
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12. (a) a -—-— = 500 s 1 and co n = —^= = 100 rad/s 

2 RC VZC 


Thus, s 12 =-a± y Ja 1 - col = -10.10 s 1 and-989.9 s 
So we may write i R ( t ) = ^e” 10 ' 1 ' + A 2 e m9 ' }! [ 1 ] 

With /(0‘) = /(0 + ) = 2 mA and v(0 ) = v(0 + ) = 0 
At+ A 2 = 0 [2] 


Thus, 


We need to find —- 
dt 


dv 


1=0 


di R (t) 1 dv r . n , . „dv 

. Note that-=-[3] and i c = C—^ 

dt R dt dt 


-i-h 


i c (0 + ) = C — 
dt 


= -/(0 + ) - 4 (0 + ) = -2 X10 3 - = -2xl 0 3 [4] 


r=0 


R 


Therefore, we may write based on Eqs. [3] and [4]: 


di R 

dt 


= (50)(-0.04) = -2 [5]. Taking the derivative of Eq. [1] and combining with 


t =o 


Eq. [5] then yields: +s 2 A 2 = -2 [6]. 

Solving Eqs. [2] and [6] yields A\ = -2.04 mA and^4 2 = 2.04 mA 
So that 


i R (t)=-2M{e~ WM -e- 9m - 9t ) mA 


(b) 


(c) 
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13. 

(a) 


z(0) = 40A, v(0) = 40V, L = — 

80 


1 ^ 2 80 

a =-= 25, co = — 

2x0.1x0.2 ° 0.2 


H, R = 0.1Q, C = 0.2F 
= 400, 


co o =20, 5 12 =-25±y/625-400 = 10, -40 
.'. v(t) = Aj e~ 10 ' + A 2 e~ 40 ' .'. 40 = A t + A,; 


v'(0 + ) = -lOAj -40A 2 v'( 0 + ) = — z'(0) 


v(0) N 

R J 


-2200 


.'. -Aj -4A 2 = -220 .'. -3A 2 =-180.'. A 2 = 60, A, =-20 


-20A 10 '+60e^V, 7>0 


(b) i(t) 


-v/R-C — 
dt 

= 160A 10 ' - 


= 200A 10 ' 
120 A 40 ' A 


600e^ 0i - 0.2(-20)(-10)e 40 ' - (0.2)(60)(-40)e 



- 40 1 
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14. (a) 

1 

a = - 

2 RC 

Thus, 

S l,2 = _1 


VZc 


Sj 2 = -a ± yja 2 - col = “7.5 s 1 and -1.333 xlO 9 s 1 . So we may write 


i c (0 = 4 e +4 e [1] With i(0 ) = i(0 ) = 0 A and v(0 ) = v(0 + ) = 2 V, 


U0 + ) = -i R (0 + ) = - 


15x10' 


= -0.133xl0 6 so that 


Aj+ A 2 = -0.133 x10 6 [2] 


We need to find —- 
dt 


t =o 


. We know that L — 
dt 


1=0 


r, di 

= 2 so — 
dt 


t=0 


2x10' 


= 10 6 . Also, 


, dv 


di B 1 dv di n i n 1 


C— = in and —- = — — so -5- = -2£_ = -J—(j e 7 - 5l + A e 1333x10 ‘ 


dt 


-so 

dt R dt dt CR CR ' 


TT . di di„ di r . di r 

Using — + —^- + —^ = 0 so —^=- 

dt dt dt dt 


t =o 


= -7.54-1.33x10 9 4 =-10 6 —[3] 

CR 


Solving Eqs. [2] and [3] yields A\ = -0.75 mA and Ai = -0.133 MA (very different!) 
So that 


i c (t) = -(0.75 x 10' 3 e' 7 ' 5 ' +0.133 x 10 6 e' 1333xl ° 9 ' | A 


(b) 
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15. (a) a -—-— = 0.125 s 1 and co () = —^= = 0.112 rad/s 

2 RC VZC 


Thus, Sj 2 =-a± yja 1 - col = -0.069 s 1 and-0.181s 1 . So we may write 

v(t) = A,e +A 2 e LI J 
With / c (0) = i c (0 + ) = -8 A and v(0 ) = v(0 + ) = 0 , 

Ai+ A 2 = 0 [2] 

We need to find — : - . We know that 

dt 


1 =o 


i c (t) = = 4[-0.0694A 00691 -0.1814e“ 0181 ']. So, 

i c (0) = 4 [-0.0694 - 0.1814 ] = -8 [3] 

Solving Eqs. [2] and [3] yields A\ = -17.89 V and 4 = 17.89 V 

So that 


v(t) = -17.89[a 0 ' 069 ' - A 0181 '] V 


dv 


(b) — = 1.236e - 8.236e . We set this equal to 0 and solve for t n 

dt 


3.236 e 


- 0 . 069 1 


= e 01121 " , so that 


1.236 e 


- 0 . 1816 ., 


t m =8.61 s 


Substituting into our expression for the voltage, the peak value is 


v(8.61) = -6.1 V 


(c) The simulation agrees with the analytic results. 


HW9_15 (active) 



|c"jU(Cl: 1)- U(C1:2) 


1 


<? L1 


) 20 ^ 

b Ri 

5 IC = 8 

** 1 




Cl 

4 

IC =0 
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16 - 4(0) = — = 2A, v(0) = 100V 


a = 


50 

10 6 


= 4000, w 2 = 3x10 


6+3 


2x50x2.5 100x2.5 

V16-12 X10 3 = 200, 5, 2 = -4000±2000 


= 12x 10 


.'. 4(0 =A l e +A 2 e , t> 0 .'. Aj + A s = 2 

4 ' (0 + ) = ~ 1Q x 3 xl00 = -3000 = -2000A, -6000A 2 -1.5 = -A, -3A. 


100 


. A 2 = -0.25, A, = 2.25 .'. 4(7) = 2.25A 2000 ' -0.25A bUUU 'A, 7>0 


-60007 , 


t> 0: 4(7) = 2A .'. 4(7) = 2u(-t ) + (2.25 A 2000 ' - 0.25A bUUU ')w(7)A 


-6000r> 
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h (0) = ~~7 = 2A, v c (0) = 2V 


a- 


5 + 1 
1000 


= 250, col = 1000x45 = 22500 


2x1x2 2 

.s'| 2 = -250 ± V250 2 -22500 = -50, - 450 A 1 

.-. i L = A, A 50 ' + A 2 A 450 * A, + A 2 = 2; (0 + ) = 45(—2) = -50 A, -450A 2 
.-. Aj +9A 2 =1.8 .-. -8A 2 = 0.2 .-. A 2 = -0.025, A 1 = 2.025(A) 


-. i L (t) = 2.025A 50 ' - 0.025A 43U 'A, 7>0 


450r 
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18. 

(a) 


(c) 


1 1440 AA 2 1440 

a = -=-= 20, ok =-= 144 


2RC 72 ° 10 

s l 2 = -20 ± V400 -144 = -4, -36: v = A,A 4 '+A 2 e 


36 1 


v(0) = 18 = 4+4, v'(0) = 1440 


]__ 18 
2 36 


= 0 


0 = -4A, -36A 2 = -Aj -9A 2 = 18 = - 8 A 2 , A 2 = -2.25, A { = 20.25 


:.v(t) = 20.25A 4 -2.25A 36 'V, t >0 


(b) /(*) = — + 


1 


36 1440 
*(0 = 


v =0.5625e-0.0625A 36 ' -0.05625 c +0.05625c 


- 36 ? 


0.50625c” 4 ' -0.00625A 36 'A, ?>0 


v„„ at t = 0 v = 18V0.18 = 20.25c” 4 '* -2.25 A 36 '- 


Solving using a scientific calculator, we find that 


4 = 1.181 s. 
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19. Referring to Fig. 9.43. 

VZc 


co = y i -= 4 rad/s 


so 


L = 1250 mH 

Since a > oo 0 , this circuit is over damped. 


a = —-— = 5 s 
IRC 


The capacitor stores 390 J at t = 0 : 


W = — C v 2 

c 2 


So U 0 ! ) = . 


I f 


= 125 V = v c (0 + ) 


The inductor initially stores zero energy, 

so i L (0) = h(0 + ) = 0 

^ 2 = —a + -yja" — co“ = —5 + 3 = —8, — 2 


Thus, v(t) = Ae 8 ' + Be 


-2t 


Using the initial conditions, v(0) = 125 = A + B [1] 

h (° + ) + U (0 + ) + 4 (0 + ) = 0 + + z c (0 + ) = 0 

So l 0 + ) = = -62.5 V 

2 2 

4 =C—= 50x10 3 [-8^ 8 '-2Re 2 '] 
dt 


4(0 + ) = -62.5 = -50x 10 3 (8^ + 2 B) 

Solving Eqs. [1] and [2], A = 150 V 

B = -25 V 


[ 2 ] 


Thus. 


v(4) = 166.7U 8 '-41.67U 2 ', t > 0 
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20. (a) We want a response v = Ae 4 ' + Be 


1 


a = 


= 5s 


-i 


2 RC 



iSj = —CL + 

a 2 - co 2 = -4 = -5 + 

'25 

S 2 — ct ^ 

1 a 2 - co 2 = -6 = -5 -yj 

125 


Since 


Solving either equation, we obtain co 0 = 4.899 rad/s 

1 


2 1 r 

CO = - , L = - r- 

° LC co C 


833.3 mH 


(b) If ^(0 + ) = 10 A and / c (0 + ) = 15 A, find A and B. 

with ^(0 + ) = 10 A, v*(0 + ) = v(0 + ) = v f (0 + ) = 20 V 

v(0) = A + B = 20 [1] 

, dv 


i c =C— = 5Qx\Q\-AAe- At -6Be (,t ) 
dt 


4(0 + ) = 50x10 3 (-4^-65)-15 


[ 2 ] 


Solving ! A = 210 V, B = -190 V 


Thus, 2W A 4 ' -190e~ 6 ', t>0 


10 March 2006 
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21. Initial conditions: i L (0 ) = i L (0 + ) = 0 


(a) 

(b) 

(c) 


v c (0 + ) = v c ((T) = 2(25) 


* c (0 + ) = -4(0 + W*(0 + 



t > 0: parallel (source-free) RLC circuit 


a = —-— = 4000 A 1 


2 RC 
1 


co = 


° VZc 


= 3464 rad/s 


4(0 + ) 



A 


Si,2 =-a± 




= -2000, -6000 


Since a > a> 0 , this system is overdamped. Thus, 

v c (t) = Ae^ 2000 ' + Be^ 6000 ' 

i c =C— = (5 x 10~ 6 ) (-2000 Ae^ 2000 ' -6000Re 6000 ') 
dt 

4(0) = -0.0L4 - 0.035 = -2 [1] 

and {> c 0 + ) = ^ + R = 50 [2] 


Solving, we find A = -25 and B = 75 


so that v c (0 = -25 e + 15e wwt , t > 0 


(d) 



(e) 


^ c — 2000 1 . r j c - 6000 ? /a 

-25e +75e = 0 


t = 274.7 |xy 


using a scientific calculator 


(f) |v I =-25 + 75 = 50 V 

v I c I max 

So, solving | -25e~ 200(Vl + 75e~ 60004 | = 0.5 in view of the graph in part (d), 

we find 4 = 1.955 ms using a scientific calculator’s equation solver routine. 
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~^l\ 


22. Due to the presence of the inductor, v c (0 ) = 0 . Performing mesh analysis, 

3'a 

0 7 il — 

—vw— r- - 1 -9 + 2/, - 24 = 0 [1] 

25 mF = = ^4 444 p[ — 2 lj + 3 4 + 7i 2 — 0 [ 2 ] 

and /, - i 2 = 4 



Rearranging, we obtain 24 - 24 = 0 and -44 + 64 = 0. Solving, 4 = 13.5 A and 4 = 9 A. 


(a) 4 (0 ) = *’i - 4 = 4.5 A and i L (0 ) = i 2 = 9 A 


(b) t> 0\ 



around left mesh: 


4 )+74(04 


4(04+24(04 


so. 


4(0) = 0 


(c) v e (0 ) = 0 due to the presence of the inductor. 

<d) 

—<+ >-VA- 

v + -v LC +7-3(l) + 2 = 0 


2 n 


iaO 


v lc = 6 V .-. 



(e) 


1 


a =-= 3.333 s 1 

2 RC 

an = J— = 3 rad/s 

VZc 

S l2 = -a ± yja 2 - (o 2 a =-1.881, -4.785 


Thus, 

i A (t) = Ae~ im ‘ + Be- 4 ™‘ 
i A (0 + ) = 0 = A + B 


To find the second equation required to determine the coefficients, we write: 


[ 1 ] 


dv 

= -C=^—i 
dt 


-25x10“ 


-1.881 (6A)e~ i mi - 4.785 (6B)e~ 4785t ] 


- Ae 


- 1 . 881 / _ ^- 4 . 785 / 


i L (0 + ) = 9 = -25 x 10 3 [-l .881(6.4) -4.785(6R )]- A-B 
or 9 = -0.71784 - 0.28227? [2] 


Solvin g Eqs. Til and T21, A = -20.66 a nd B = +20.66 


So 


that 


4(Q = 20.66 [e 


- 4 . 785 / 


- 1 . 881 / 
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23. Diameter of a dime: approximately 8 mm. Area = nr 2 = 0.5027cm 2 

Capacitance _ e r e 0 A _ (88)(8.854xl0 14 F/cm)(0.5027cnr) 
d 0.1cm 

= 39.17pF 

L = 4pH 


co = 


1 


° VZc 


= 79.89 Mrad/s 


For an over damped response, we require a > co 0 - 


Thus, 


1 


2 RC 
R< 


>79.89xl0 6 


1 


2(39.17x 10~ 12 )(79.89x 10 b ) 


or i?<159.8Q 


*Note: The final answer depends quite strongly on the choice of s r . 


10 March 2006 
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24. (a) For critical damping, R = —J— = — 1 ^ 


2 VC 2 V 12 x 10 “ 


4.564 Q 


(b) 

Thus, 

At 


a = 


3 „-l 


IRC 2(4.564)(l2xl0 6 ) 


v c (t) = e-^(At + A 2 ) 


= 9.129 x 10 s 


[ 1 ] 


7 = 0, v c (0) = A x (0) + A 2 =12 A 2 = 12 V. 
Taking the derivative of Eq. [1], 

dv C (0_-9.129xl0 3 ? 


dt 


= e 


[-9.129x10 3 47 + 4-9.129x10 3 (12)] 


and 


Solving, 


also i ( = -(4 + 4 ) , so 


dv. 


dt 




1=0 


c 


v 


R 


1 


y 


12x10“ 


12 


A 


+ 0 
4.565 j 


4-9.129x10 3 (12) 


A l = -109.6x 10 3 V, so we may write 


v c ( 7 ) = (-109.6x 10 3 7 +12). 


(c) We see from plotting both the analytic result in Probe and the simulated voltage, the 
two are in excellent agreement (the curves lie on top of one another). 



PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers 
and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 
































































www.elsolucionario.net 


Engineering Circuit Analysis, 7 th Edition 


Chapter Nine Solutions 


10 March 2006 


25. (a) For critical damping, R = —J— = — 

2 VC 2 V 10 3 


1.581 mQ 


(b) 

Thus, 

At 


a = 


5 -1 


2 RC 2(1.581x10 3 )(l0 3 ) 

h (0 = 1 


-3.162x10 f , 


= 3.162x10 s 


[i] 


(A,t + A 2 ) 

t = 0, i L (0) = A 1 (0) + A 2 =10 .-. A, = 10 A . 

Taking the derivative of Eq. [1], 
di L (/) 


dt 


■ e - 3162xl ° 5 ‘ [-3.162 x 10 5 Af + A x - 3.162 x 10 5 (10)] [2] 


and also Z —^- 
dt 


= v c (0) = 0 [3], so 


t =o 


Solving Eqs. [2] and [3], 

4 =(3.162x10 5 )(10) = 3.162x 10 6 V, so we may write 



\ -3.162x10 5 t t 

hv 

) = e ( 


(3.162x104 + 10). 


(c) We see from plotting both the analytic result in Probe and the simulated voltage, the 
two are in reasonable agreement (some numerical error is evident). 



1 

i L1 


^ 10n ^ 

l R1 rj 


^ 1.581m 

5 1C = 10 


2 



1m 

IC = 0 


• 0 
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26 . 


It is unlikely to observe a critically damped response in real-life circuits, as it would be 
virtually impossible to obtain the exact values required for R, L and C. However, using 
carefully chosen components, it is possible to obtain a response which is for all intents 
and purposes very close to a critically damped response. 
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27. 


crit. damp. 

(b) 


12 V 



(a) L = 4R 2 C = 4xlx2xlCT 3 4 8mH 
1 


1000 


a = a>„ 


= 250 .'. i L = e 


250 1 


(Aj? +A 2 ) 


2RC 2x1x2 

h (0) = 2A, v c (0) = 2V.-. i L = e 250 ' (A j + 2) 

Then 8x 10 3 i[ (0 + ) = -2 = 8x 10 3 (A, -500), = A 1 ' 25 (1.25 + 2) =) 0.9311A 


(c) 


W = (2504+ 2) = 0,1 = 250^+2, t m <0 No! 


t a = 0, t /max = 2A .'. 0.02 = c 250f ' (2507 s + 2); SOLVE: t, 4 23.96ms 
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28. 


R 


2.5 /J.F 


100 ,, 

-3- mH ‘l 

-nmr' - 


■ ’’( IOO«(-OV 


6 


crit. damp. (a) L = 4R 2 C = — x 10 3 = 4R 2 xlO 6 


R = 57.74Q 


(b) 


a> n = a = 10 3 /J— x2.5 = 3464s 1 
0 V 30 

v c (t) = A 3464 ' (A l t + A 2 ) v c (0) = 100V 


4(0) = 


100 
57.74 
10 6 

v ; ( o + )=— 
c 2.5 


= 1.7321A .'. 100 = A, 


f 


1.7321- 


100 

57.74 


= 0 = A t -3464A 2 .'.A! 


v c ( t ) =f e 3464r (3.464 x 10 3 1 +100) V, t > 0 


10 March 2006 


= 3.464x 10 5 
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2 2 

29. Diameter of a dime is approximately 8 mm. The area, therefore, is 7ir = 0.5027 cm". 

s,,s a A _ (88) (8.854xl0~ 14 ) (0,5027) 

The capacitance is d 0.1 

= 39.17 pF 

w ith L = 4pH, co o = -r== = 79.89 Mrad/s 

V LC 


For critical damping, we require —-— = o> 0 

2 RC 


or R = ■ 


1 


2(0 C 


159.8Q 
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30. L = 5mH, C = 10 8 F, crit. damp. v(0) = -400V, z'(0) = 0.1A 

(a) 

(b) 


L = 4R 2 C = 5 x 10 3 = 4R 2 10 s .'. R - 
10 " 


353.6Q 


a = 


2x353.6 


= 141,420 .'. i = e 


-141,420^ 


(A,r+A 2 ) 


.'. A 2 =0.1.-.= A 141 ’ 421, (A,7 + 0.1), 5x10~ 3 
(A l -141,420 X 0.1) = -400 A, = -65,860 

. I = e -UlA2U (_ 65? 860r + 0. i). i' = 0 

.-. e~ at (+65860) + 141,420A“' (-65,8607,,, + 0.1) = 0 

-14 1,420x8.590x1 (T 6 


:.t m = 8.590 ms :.i(t m ) = e~ 


(-65,860 x 8.590x 10 6 + 0.1) = -0.13821A 


(c) ■■•W=*‘(0) 
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31. Critically damped parallel RLC with a = 10 J 5 1 ,i? = l MD 


We know —— = 10 3 , so £00 ^ 


2RC 


Since a = co 0 , co = 


2x10 


pF 


= 10 


-3 


Vcc 

or kL = ~ 6 

LC 

so Z = 2 GH (!) 


If 


Z = H^L 2 xl0 9 

S 

(4tcx 10~ 7 H/m) 
So- 


50 turns 


-i2 


.S 


V cm ; 


(0.5cm) 2 .7r. 


lm 

100 cm 


= 2x10 

(4rc 2 x 10~ 9 )(50) 2 (0.5) 2 5 = 2 x 10 9 


SdS.406 xl0 13 cm 
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32. 


1 4 2 1 4x13 ^ r c 

a =-=-= 1, co n =-=-= 26, co, = y/26 -1 = 5 

2RC 2x2 0 LC 2 


:.v c (t) = e ‘ ( B l cos5 t + B 2 sin 5 1) 


(a) 4(0 + ) = 4(0) = 4 A 


(b) v f (0 + ) = v c (0)=0 


(c) 4'(0 + ) = ^v c (0 + )^0] 


(d) v c '(0 + ) = -[-4(0 + )-4(0 + )]=4 


A v C (° + ) 

IT 

o 

+ 

ll 

-16 V/s 

2 




(e) .-.(e)0 = l(B I ).-.B 1 = 0, v c (t) = B 2 e - ' sin 5t, v' (0 + ) = B 2 (5) = -16 


.'. B 2 = -3.2, v c (t) = -3.2e ' sin57 V, t >0 


(f) 
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33. 


a =-=-= 4000, co n = — =- 

2RC 100x2.5 LC 50 

Q) d = y/20xl0 6 -16xl0 6 = 2000 

. = g-4000? (Bi CQS 2000 ^ + g 2 sin 2000 ^ 


2xl0 7 


0 (0) = 2A, v c (0) = 0 .'. 4(0 + ) = -2A; i' c (0 + ) = -i' L (0 + )-4' (0 + ) 

1 1 1 7xl0 6 

4' (0 + ) - —— v (0) —— v f (0 + ) = 0-—4(0 + ) = 
c L c R c RC c 125 

2x10 6 

.-. B ; = -2 A, = 16,000 = 2000B 2 + (-2) (-4000)B 2 = 4 


4 ( t ) = e - 4000 ' (-2 cos 2000? + 4 sin 2000r)A, t> 0 
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34. 

(a) 


(b) 


1 100 0 2 1 ioo 

a =-=-= 8, co = — =-, 

12.5 LC L 


2RC 


.-. co: =100 = 


co: = 36 = co: -64 


too 

L 


L = 1H 


7<0: 4(0 = 4A; 7>0: 4(0 = e 8/ (B t cos 67 + B 2 sin 67) 

4 (0) = 4A .'. Bj = 4A, 4 = e~ 8 ' (4 cos 6t + B 2 sin 67) v c (0) = 0 

4 '( 0 + ) = 

■'■ 4(0 = 


7 v c (0 ) = 0 .'. 6B 2 -8(4) = 0, B 2 = 16/3 
4n(-^) + e~ 8 ' (4 cos 67 + 5.333 sin 67) u(t) A 
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35. 

(a) 


a- 


1 


10 


9-3 


1 1 o 9 

= 5000, or =-= —— = 1.25x10“ 


2RC 2x20x5 LC 1.6x5 

co d = ^-a 2 =yj 125x10 6 -25x 10 6 =10,000 
.-. v c (t) = A 5000 ' (Bj cos 10 4 1 + B 2 sin 10 4 1 ) 

v c (0) = 200V, 4(0) = 10mA v c (t) = A 50 °°'(200cosl0 4 r+ B 2 sinlO 4 !) 


1 


10 9 


v c '(0 + ) = -4(0 + ) = — 
c 5 


4(0)- 


v c (0) 

20,000 


10 9 r 


200 


A 


10 “ - 

v 20,000 


5 

B 2 =100V :.v c (t) = 


= 0 = 10 4 B 2 -200(5000) 


' (200 cos 10 4 7 +100sin 10 4 1) V, t> 0 


(b) 


A, = 10 2 ~h, h=~^ V c+ CV c 

v > _ e -5ooo/ [io 4 (-200sin+ 100cos] -5000(200cos+ 100sin)] 

= A 500 ' [10 6 (-2 sin- 0.5 cos)] = -2.5 x 10 6 A 5000 ' sin 10 4 1 v/ s 

1 (200cos +100sin)- 5xl0 9 x2.5xl0 6 A 5000 ' sin 10 


-5000c 


20,000 


-5000c , 


= e (O.OlcoslO 7-0.0075sinl0 7)A 


• • * sw 


10 - A 5000 ' (10 cos 10 4 1 - 7.5 sin 10 4 1) mA, t > 0 
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36. 

(a) 


1 10 6 2 1 1.01x10 s 

a =-=-= 20, to" = — =- 

2RC 2000x25 LC 25 

co d = J( 0 2 o - a 2 = ^40,400-400 = 200 

.'. v = A 20 ' (A, cos 2007 + A 2 sin 2007) 

v(0) = 10V, 4(0) = 9mA A t = 10V 

v = A 20 '(10 cos 2007+ A 2 sin 2007) V, 7>0 

v'(0 + ) = 200A 2 - 20 x 10 = 200 (A 2 -1) = — i o (0 + ) 

c 

10 6 

=-(-10 3 ) = -40.-. A 2 = l-0.2 = 0.8 

25 _ 2 _ _ 

.'. v(7) = A 2 °'(10cos2007 + 0.8sin2007) V, 7>0 


40,400 
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1 10 1 

a =-=-= 100a co" = — = l.Olx 10 6 

2RC 2x5 LC 


v c (0) = 0 .'. v c (t) = A 100 ' (A, cos 10007 + A 2 sin 10007), 7>0 


.-. co j = VlOlxlO 4 -10 4 = 100; 4(0) = — = 6inA 
J 1 10 


.-.A, =0, v c (7) = A 2 e 1UU ' sin 10007 

v;co*)=^<;(o*)=io‘H(o*)-A^v c (o*)]=io <i 

(-6 x 10 4 ) = -6000 = 1000 A 2 A 2 = -6 


:.v c (t) = -6e 400 ' sin 10007V, 7>0.‘. 7,(7) = -^ 

v c (7) = -1 O’ 4 (-6) A 100 ' sin 10007A 
i x (7) = 0.6A 100 ' sin 10007mA, 7>0 
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We replace the 25-Q resistor to obtain an underdamped response: 


1 , 1 

a = - and a> n = ,— 

2RC VLC 


; we require a < a>o. 


1 


10x10 6 R 


< 3464 or 


R > 34.64 mQ. 


For R = 34.64 Q (lOOOx the minimum required value), the response is: 


v(7) = e (A cos a>dt + B sin a>dt) where a= 2887 s' and a>d = 1914 rad/s. 
/l(0 + ) = z’l(O') = 0 and v c (0 + ) = v c (0') = (2)(25) = 50 V = A. 

WO - 

at at 

= Aco d t sin co d t + Bco d t cos a> d t )-ae al (A cos co d t + Bsma> d if\ 

i L (0 + ) = 0 = 50x10 [B co d -aA], so that B = 75.42 V. 


v(t) = e' 2887 '(50 cos 19147 + 75.42 sin 19147) V. 

PSpice schematic for t > 0 circuit. 





—|!U 

U1 


Pil 

5uF- 

: C1 
IC=50V 


16.67mH 




PJ3 

IC=0 
'| LI 


From PSpice the settling time using R = 34.64 Q is approximately 1.6 ms. 



_:_:_:_l_:_: 

; ,/• . 

CttlUM 


A1 = 

1 .6168n, 

-501 .6 0iin D 

A2 = 

10.000n, 

49.997 B 

dif= 

1.6168n, 

-50.499 B 
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39. 


v(0) = 0; /(0) = 1OA 
v = e a1 (A cos co d t + B sin co d t) .'. A = 0, 
v = Be““' sin co d t 

V = e~ al [-a B sin co d t + co d B cos co d t] = 0 


COj 1 

tan co d t = —, t ml = 

a 0 + 


tan 


i 

a 


1 


^ m2 ^ ml ~ 

[ d ~ t m\ +—; 

2 

co d 

Vmi = Be-*" 

sin °Vml V m2 = 

sinco^ t ml 

Vm2 _ -arc la d . 




v, 


; let 


ml 


K ml 


1 


. = 100> a = 10Q; a = 

n 


100 

1 21 


2RC R 


co„ 


1 , r ... 2 21 MOO /~r^ ttt 

= — = 6.". cm = V6 — 441 / R~ .'.-v6R~ — 441 


LC 


.'. R = 


1/6 


441 + 


2 Itt: 

V T00y 


R 7tR 
= 10.378 lO To keep 


m2 


< 0.01, chose R = 10.3780Q v'(0 + ) = co 


B = B ] j6- 
21 


{ 21 

v 10.378 j 


\ 2 r o 


= 4R 


10 + - 


10.3780 


\B = 1.380363 


f 


a = ■ 


10.378 


= 2.02351; cm = ,6- 


21 


10.378 


= 1.380363 


.-. v = 304.268A 202351 ' sin 1.3803637 v t ml = 0.434s, 
v ml = 71.2926v Computed values show 


= 2.145 sec 


b v m2 =0.7126 <0.0lv Bl 
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40. (a) For 7 < 0 s, we see from the circuit that the capacitor and the resistor are shorted by 
the presence of the inductor. Hence, z'l(O') = 4 A and vc(O') = 0 V. 


When the 4-A source turns off at 7 = 0 s, we are left with a parallel RLC circuit such that 
a= 1/2RC = 0.4 s _1 and a>o = 5.099 rad/s. Since a< coo, the response will be 
underdamped with co& = 5.083 rad/s. Assume the form z L (7) = e at (C cos OMt + D sin cy d 7) 
for the response. 


W 

and 

W 

Thus, 


ith z'l(0 + ) = z'l(O') = 4 A, we find C = 4 A. To find D, we first note that 

v c (0 = v L (0 = L ^ k 

dt 

so vc(0 = (2/13) \e a1 (-C&>d sin cod + D<z> d cos cod) - we at (C cos cod + D sin cod)) 
ith v c (0 + ) = 0 = (2/13) (5.083D-0.4C), we obtain D = 0.3148 A. 

-0.4 1 


i'l(0 = e (4 cos 5.0837 + 0.3148 sin 5.0837) A and 7 L (2.5) = 1.473 A. 


(b) a = 1/2RC = 4 s' 1 and coo = 5.099 rad/s. Since a< coo, the new response will still be 
underdamped, but with cod = 3.162 rad/s. We still may write 

vc(7) = (2/13) \e at (-CcOd sin <y d 7 + D<x> d cos cod) - ooe at (C cos <z» d 7 + D sin <x> d 7)] 

and so with vc(0 + ) = 0 = (2/13) (3.162D - 4C), we obtain D = 5.06 A. 

Thus, z'l(7) = e At (4 cos 3.1627 + 5.06 sin 3.1627) A and 


7l(.25) = 2.358 A. 


(c) 




Circuit tor initui condition cneck 



audit loc transient simulation v circuit for transient simulation 


We see from the simulation 
result below that our hand 
calculations are correct; the 
slight disagreement is due to 
numerical inaccuracy. 
Changing the step ceiling 
from the 10-ms value 
employed to a smaller value 
will improve the accuracy. 



P9.30 (active) F 
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41. (a,b) For t < Os, we see from the circuit below that the capacitor and the resistor are 
shorted by the presence of the inductor. Hence, z'l(O') = 4 A and vc(O') = 0 V. 



When the 4-A source turns off at t = 0 s, we are left with a parallel RLC circuit such that 
a= 1/2RC = 1 s' 1 and ox = 5.099 rad/s. Since a< ox, the response will be underdamped 
with ox = 5 rad/s. Assume the form /)(/) = e at (C cos oxt + D sin oxt) for the response. 


W 


and 

W 

Thus, 


ith z L (0 + ) = z'l(O') = 4 A, we find C = 4 A. To find D, we first note that 

v c (0 = vl(0 = L 

dt 

so vc(t) = (2/13) \e at (-CT'Ai sin oxt + Dox cos oxt) - ae at (C cos oxt + D sin oxt)\ 


ithvc(0 + ) = 0 = (2/13) (5D -4), we obtain D = 0.8 A. 
z'l(0 = e' (4 cos 5 1 + 0.8 sin 5t) A 



We see that the simulation 
result confirms our hand 
analysis; there is only a 
slight difference due to 
numerical error between 
the simulation result and 
our exact expression. 



(c) 


Jsing the cursor tool, the settl ing 


time is approximately 4,65 s. 


1 Probe Cursor 1 

A1 = 

4.6493, 

-40.658m 

A2 = 

1.0000m, 

3.9999 

dif= 

4.6483, 

-4.0406 
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42. 

R 80 

v (0) = 50 + 80x2 = 210V, /,(0) = 0, a = — = — = 20 
' 1 2L 4 


cd- =-= 500: co d = y/500-20 2 = 10 

2 

.'. v c (t) = e ~ 20 ' (Aj cos 1 Or + A 2 sin 1 Or) Aj = 210 V 


1 


v c (0 = e (21 0 cos 1 Or + A 2 sin 1 Or); v’ c (0 + ) = - i c (0 + ) = 0 

c 

.-. 0 = 1 0A 2 - 20 (2 1 0), A 2 = 420 .-. v c (r) = A 20 ' (2 1 0 cos 1 Or + 420 sin 1 Or) 


.'. v c (40ms) = e 0 8 (210 cos 0.4+ 420 sin 0.4) = 
Also, {, = e -20 ' Bj cos 1 Or + B 2 sin 1 Or), 

4(0*) = A I (0*) = i[0-v t (0*)] = ix210 


160.40V 


i' L (0 + ) = -105 = 10B 2 B 2 = 10.5 
20 ' sin 1 Or A, r>0 

20f sinlOrV 

~ 0.8 


.'. i, (t) = - 10 . 5e 
v R (t) = 80 i L = 840e 
.'. v iJ (40ms) = -840e _U8 sin 0.4 = 
V L (0 = -v c (0 - V f (0 - V R (t) V, 
(40ms) = -160.40 + 146.98 = 


-146.98V 


-13.420V 


[check: v L =e ^ 0 '(-210cos-420sin+840sin) 

= A 20 ' (-210 cos 1 Or + 420 sin 1 Or) V, r> 0 

:.v L (40ms) = e~°' s (-210 cos- 420 sin+ 840 sin) = A 20 ' 

(-210cosl0r + 420sinl0r)V, r>0 


V i (40ms) = e~°' s 

(420 sin 0.4 - 210 cos 0.4) = -13.420 V Checks] 
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43. Series: 


a = — = — = 4, a? = — = — = 20, a) d =y/20-16 = 2 
2L 1/2 ° LC 0.2 d 


. i, = e 


-At 


(A, cos 2 1 + A 2 sin2 1); i L (0) = 10A, v c (0) = 20V 


Aj = 10; i' L (0 + ) = i v i (0 + ) = 4(20-20) = 0 

.'. i[ (0 + ) = 2A 2 - 4x10 .'. A 2 =20 
.’ i L (t) = e^' (10 cos 2t + 20sin It) A, t> 0 
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44.(a) 


(b) 


(c) 


2 R 


crit. damp; a~ = 


1 - u 2 . 


7 = « 2 = — :.L = -R-C 
4L 2 0 LC 4 

.■.L = -x4xl0 4 " 6 =0.01H, a = — = 10 4 = m 
4 0.02 

v (t) = e~ lomt (A 1 t + A 2 ); v c (0) = -10V, i L ( 0) - -0.15A 


A 2 = -10, v c {t) = e 


- 10000 / 


(A 1 r-0);v;(0 + ) = -i 


4(0) = -10 6 (-0.15) = 150,000 

Now, 4 0 + ) = A,+10 5 = 150,000.-. A, =50,000 


v c (t) = e 


- 10 , 000 / 


(50,000^-10) V,f>0 


v' c (t) = A 10 ’ 000 ' [50,000 -10,000(50,000f -10)] = 

15 


5 = 50,000? -10.-. / = 


50,000 


= 0.3ms 


v c (t m ) = e 3 (15 — 10) = 5 A 3 = 0.2489V 


v (0) = -10V .". |v 


10V 


4max= 0.2489V 
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Engineering Circuit Analysis, 7 th Edition 


Chapter Nine Solutions 


10 March 2006 


‘Obtain an expression for v c (t) in the circuit of Fig. 9.8 (dual) that is valid for all t". 



a = 


R 0.02x!0 6 _ , 10 6 x 3 =L2x1()7 


= 4000, to* = 


2L 2x2.5 2.5x10 

.'. s U2 = -4000 ± Vl6xl0 6 -12xl0 6 = -2000, - 6000 

.-. v At) = A, A 2000 ' + A 2 A 6000 '; v■ (0) = — x 100 = 2V 

c 1 2 50 

4(0) = 100A .-. 2 = Aj + A 2 , v c ' (0 + ) = ^ 


(-/, (0)) =-X10 3 X100 = -3000v/ 5 

100 

.-. -3000 = -200A, - 600A 2 , -1.5 = -A, - 3A 2 
0.5 = -2A 2 , = -0.25, Aj = 2.25 


vAt) = (2.25A 200 ' -0.25A bUUU ') u(t) + 2u(-t)^ (checks) 


-6000 c 
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46. (a) 


R 


2 , 2 1 _ [ 
a = — = - = 1, at = — = 5,co d = J, 
2L 2 ° LC ^ 


= Jo) 2 -a 2 =2 


. i, = e 1 (Bj cos 2 1 + B 2 sin 2 1), i L (0) = 0, v c (0) = 10V 
, B, = 0, i L = B, e~‘ sin 2 1 


m = j v x(0 + ) = v «(0 + )-V c (0 + ) = 0-10 = 2B 2 


B 2 = 5 .'. i L = -5e ' sin2rA, 7>0 


(b) 


i'i = -5 [A'(2 cos 27-sin 2r)] = 0 
.'. 2 cos It = sin 2 1, tan 2t = 2 
:.t l =0.55365, i L (t 1 ) = - 2.571A 
2 1 2 = 2x0.5536 + ^, t 2 = 2.124, 
h (t 2 ) = 0.5345 I i, I = 2.571A 

v z, x I L-* may 


and f).,^41A 
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47.(a) 


(b) 


R 250 2 1 10 6 

a = — =-= 25, co~ = — =-= 400 

2L 10 ° LC 2500 


3 1,2 


= -a± -yja 2 - a> 2 0 =—25 ±15 =—10,—40 


. i L = Aj e 


+ A 2 e , 4(0) = 0.5A, v c (0) = 100V 


.-.0.5 = A 1 +A 2 ,4'(0 + )=iv i (0 + ) = l 

(100-25-100) =-5 A/y = -10A 1 -40A 2 
.'. 5 = 10 A, +40 (0.5-Aj) = 10A, -40 


Aj +20 .'. -30Aj = -15, A! =0.5, A 2 = 0 


0.5e 10 'A, t> 0 


v c = A 3 e~ l0t + A.e- 401 100 = A 3 + A 4 ; 


v' = —1'(0 + )^— 

c 500 


(-0.5) = -1000 


-10A, - 40A, = -1000 .-. -3A, = 0, A 4 = 0, A 3 = 100 


■■•v e (0 = 


100c 10 'V t>0 
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48. Considering the circuit as it exists for t < 0, we conclude that vc(O') = 0 and z’l(O') = 9/4 = 
2.25 A. For t > 0, we are left with a parallel RLC circuit having a = 1/2RC = 0.25 s' 1 and 
co 0 = 1/ VLC = 0.3333 rad/s. Thus, we expect an underdam ped response with o>a = 
0.2205 rad/s: 

/if/) = e' at (A cos o\\l + B sin OMt) 

/ L (0 + ) = / L (0") = 2.25 = A 

so / L (0 = e~ 025t (2.25 cos 0.2205/ + B sin 0.2205/) 

In order to determine B, we must invoke the remaining boundary condition. Noting that 

v c (0 = vl (/) = L^- 
dt 

= (9)(-0.25)A°- 25 ' (2.25 cos 0.2205/ + B sin 0.2205/) 

+ (9) e 025t [-2.25(0.2205) sin 0.2205/+ 0.2205B cos 0.2205/] 

v c (0 + ) = vc(O') = 0 = (9)(-0.25)(2.25) + (9)(0.2205B) 
so B = 2.551 and 

/ L (/) = e 0 - 25 ' [2.25 cos 0.2205/+ 2.551 sin 0.2205/] A 
Thus, z l (2) = 1.895 A 

This answer is borne out by PSpice simulation: 
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49. We are presented with a series RLC circuit having 

a = R/2L = 4700 s' 1 and co 0 = 1/ VLC = 447.2 rad/s; therefore we expect an 
overdamped response with si = -21.32 s' 1 and S 2 = -9379 s' 1 . 


From the circuit as it exists for t < 0, it is evident that z'l(O') = 0 and vc(O') = 4.7 kV 

Thus, v L (0 = Ae“ 2l32( + Be' 9379 ' [1] 

With /l( 0 ) = z'l(O') = 0 and z'r(0 + ) = 0 we conclude that v R (0 + ) = 0; this leads to v L (0 + ) = 
-vc(O') = -4.7 kV and hence A + B = -4700 [2] 

Since vl = L —, we may integrate Eq. [1] to find an expression for the inductor current: 

dt 


At 


t = 0 + , z'l = 0 so we have 


1 

A 

21.32* 

B 

—9379? 


L 

_ 21.32" 

9379" 




1 

A 

B 

= 0 [3] 

500 xlO' 3 

21.32 

9379 


Simultaneous solution of Eqs. [2] and [3] yields A = 10.71 and B = -4711. Thus, 
v L (t) = 10.71e' 2L32/ - 4711 e' 9379l V, t> 0 
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50. With the 144 mJ originally stored via a 12-V battery, we kn ow that the capacitor has a 
value of 2 mF. The initial inductor current is zero, and the initial capacitor voltage is 12 
V. We begin by seeking a (painful) current response of the form 

ibear = Ag S f + 

Using our first initial condition, ibear(0 + ) = /[.(0 + ) = /l(0") = 0 = A + B 

dildt = Asi e s,> + Bsi e- 


vl = L di/dt = ALsi e' + BLS 2 e 


JM 


vl(0 + ) = ALsi + BLs 2 = v c (0 + ) = vc(O') = 12 

What else is known? We know that the bear stops reacting at t = 18 ps, meaning that the 
current flowing through its fur coat has dropped just below 100 mA by then (not a long 
shock). 


Thus, Aexp[(18xl0' 6 )si] + Bexp[(18xl0- 6 )s 2 ] = lOOxlO' 3 


Iterating, we find that Rb e 


119.9775 Q. 


This corresponds to A = 100 mA, B = -100 mA, Si = -4.167 s' 1 and S 2 = -24><10 6 s' 1 
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51. 


Considering the circuit at t < 0, we note that /[_(()") = 9/4 = 2.25 A and vc(O') = 0. 

For a critically damped circuit, we require a = <x> 0 , or —-— = J— , which, with 

2RC VLC 


L = 9 H and C = 1 F, leads to the requirement that R = 1.5 Q 


(so a = 0.3333 


2 

The inductor energy is given by w L = Vi L [/[(/)] , so we seek an expression for i\(t): 

hit ) = e at (At + B) 

Noting that z'l(0 + ) = /l(0") = 2.25, we see that B = 2.25 and hence 

i L (t) = e 03mt (At + 2.25) 

Invoking the remaining initial condition requires consideration of the voltage across the 
capacitor, which is equal in this case to the inductor voltage, given by: 

V C (0 = v L (0 = Y— = 9(-0.3333) e ' 0 - 3333f (At + 2.25) + 9A e ~ 03mt 
dt 


Thus, 


vc(0 + ) = vc(O') = 0 = 9(-0 

m 

/ L (l 00 ms) = 2.249 


333)(2.25) + 9A so A = 0.7499 amperes and 
= e°- 3333( (0.74 997+ 2.25) A 
A and so wl( 100 ms) = 22.76 J 
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52. Prior to 7 = 0, we find that v = (10 + i { ) 


Thus, 


f 50^ 


1- 


10 

15 


500 

15 


V15 y 
so v = 100V. 


and 7, = — 


Therefore, v c (0 + ) = v c (0 ) = 100 V, and /, (0 + ) = ^(0 ) = 0. 

The circuit for 7 > 0 may be reduced to a simple series circuit consisting of a 2 mH 
inductor, 20 nF capacitor, and a 10 Q resistor; the dependent source delivers exactly the 
current to the 5 Q that is required. 


Thus, 

and 

W 


a = 


6) 0 = 


R _ 10 

2 L ~ 2(2xl0~ 3 ) 

1 1 


= 2.5xl0 3 s _1 

= 1.581 x 10 5 rad/s 


At 


,J(2xlO 3 )(20 x10 9 ) 

ith a < a> 0 we find the circuit is underdamped, with 
a> d =^Ja>Q-a 2 = 1.581 x 10 5 rad/s 

We may therefore write the response as 

i L (i t ) = e at cos co d t + B 2 sin a> d t) 

7 = 0, 4=0 .'. B x = 0 . 


Noting 


that —— = —(e a1 B 2 sin eo d t ) = B 2 e at (-asin oo d t + co d cos a> d t) and 


di. 


L—- =-100 we find that f ?2 =-0.316 A. 

dt 


(=0 


Finally, 


4 (7) = -31 6e sin 1.581 x 10 5 7 mA 
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53. Prior to t = 0, we find that vc = 100 V, since 10 A flows through the 10 Q resistor. 

Therefore, v c (0 + ) = v c (0 ) = 100 V, and i L (0 + ) = i L ( 0 ) = 0. 

The circuit for t > 0 may be reduced to a simple series circuit consisting of a 2 mH 
inductor, 20 nF capacitor, and a 10 Q resistor; the dependent source delivers exactly the 
current to the 5 Q that is required to maintain its current. 

R 10 

Thus, a= — = —j -—Y = 2.5 x 10 3 s ' 

2 L 2(2xl0~ 3 ) 

and a) n =— j }== . - 1 = 1.581x10 s rad/s 

JLC v /(2x10^ 3 )(20x10- 9 ) 

W ith a < co 0 we find the circuit is underdamped, with 

co d =^a>Q-a 2 = 1.581 x 10^ rad/s 

We may therefore write the response as 

v c (t) = e~ at (5j cos a d t + B 2 sin co d t) 

At t = 0, v c =100 .-.^^lOOV. 

Noting that C^- = i, and 
dt L 

(100cos co d t + B 2 sin<y/)j 

= e~ at [-a (100 cos co d t + B 2 sin co d t) - 100 co d sin co d t + B 2 co d cos co d tj 
which is equal to zero at t = 0 (since z'l = 0) 

we find 
Finally, 


that f ?2 = 1.581 V . 


v c (t) = e^ 2500t |~ 100cos(l.581xl0 5 ^ +1,581 sin(l.581x10 s t) 


V 
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54. Prior to 7 = 0, i\ = 10/4 = 2.5 A, v = 7.5 V, and v g = -5 V. 


Thus, 


vc(0 ) = v c (0“) = 7.5 + 5 = 12.5 V and z L = 0 


After 


7 = 0 we are left with a series RLC circuit where /, = . We may replace the 

dependent current source with a 0.5 Q resistor. Thus, we have a series RLC circuit with R 
1.25 Q, C = 1 F, and L = 3 H. 


Thus, 

and 


«= — = —= 0.208 s 1 
2 L 6 

(o n = , 1 = —!= = 577 mrad/s 


VZC y/3 


w 


ith a <a> 0 we find the circuit is underdamped, so that 
co d = ^J(Oq - a 2 = 538 mrad/s 


We may therefore write the response as 

i L (t) = e~ at ( B x cos co d t + B 2 sin <o d t) 


At 


t = 0, i L = 0 :.B X = 0 A. 


Noting that L^- 

dt 


= -v c (0)and 


t =o 


^ = ~\_ e M {^2 s i n = a ‘ [ _Qr s i n co d t + 60 d cos = 
we find that B 2 = — 7.738 V. 


v c (Q _ -12.5 
L 3 


(7 = 0 ) 


Finally, 


4(0 = 1.935e 0208 ' sin0.5387 A for 7 > 0 and 2.5 A, 7 < 0 
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55. Prior to t = 0, i\ = 10/4 = 2.5 A, v = 7.5 V, and v g = -5 V. 


Thus, 


vd 0 ) = v c (0 ) = 12.5 V and z'l = 0 


After 


t = 0 we are left with a series RLC circuit where /, = . We may replace the 

dependent current source with a 0.5 Q resistor. Thus, we have a series RLC circuit with R 
1.25 Q, C = 1 mF, and L = 3 H. 


Thus, 

and 


a= — = —= 0.208 s 1 
2 L 6 


1 


1 


®o = 


^3xl0~ 3 ) 


= 18.26 rad/s 


W 


ith a <a> 0 we find the circuit is underdamped, so that 
co d = ,JcOq - a 2 = 18.26 rad/s 


We may therefore write the response as 


v c (t) = e al ( B 1 cos (o d t + B 2 sin co d t ) 


At f = 0, v c =12.5 .’. —12.5 V. 


Noting that 

■ = —\jT at cos a> d t + B 2 sin (o d t)^ 


dt dt 1 

= -ae °“ [12.5cos co d t + B 2 sinco d t] + e a ' [-12.5^ sin co d t + co d B 2 cos®/] 

and this expression is equal to 0 at t = 0, 
we find that B 2 = 0.143 V. 


Finally, 


,(7) = e -°- 208 ' [12.5 cos 18.267 + 0.143 sin 18.26f] V fort>0and 12.5 V, f<0 
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56. (a) R 100 

Series, driven: a = — =-= 500, 


2 1 

C0 o =- 

0 LC 


10xl0 6 

40 


2L 0.2 


= 250,000 


.'. Crit. damp i L (/) = 3 (1 - 2) = -3, 

4(0) = 3, v c (0) = 300V 

.'. i, = -3 + A 500 ' (A,f + A 2 ) 3 = -3 + A 2 , A 2 = 6A 
4 (0 + ) = A, - 300 = i[v c (0) - v, (0 + )] = 0 
.'. Aj = 3000 A 5000 ' .-. 4 (0 = -3 + A 


-500; 


(3000^ + 6 ), t>0 


4(0 = 3 u (-0 + [-3 + A 500 ' (30007 + 6)M0A 


(b) A 500 '” (3000; o + 6 ) = 3; by SOLVE, 4 = 


3.357ms 


10 March 2006 
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57. 


v (0) = 0, i,(0) = 0, a = — = — = 4, co 2 n = — = 4x5 = 20 
c L 2L 0.5 LC 


.'. co d = y/20-16 = 2 .'. i L ( t ) = A 4 ' (A t cos It + A 2 sin It) + i L f 
i L f = 10A i L (0 = 10 + A 4 ' (Aj cos It + A 2 sin 2 1) 

0 = 10 + A 1; A, =-10, i L (0 = 10 + A 4 '(A 2 sin2r-10cos 2t) 

z i(0 ) = — v i(0 + ) = 4x 0 = 0 .'. / L (0 + ) = 0 = 2A 2 +40, A 2 =-20 
L 


iiif) = 10 - e At (20 sin 27+10 cos 2 1) A, t > 0 


10 March 2006 
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58. 

R 2 50 2 1 10 6 Ann 

a = — =-= 25, o r = — =-= 400 

2L 10 0 LC 2500 


s U2 =- 25 ±7625^400 =-10,-40 
4 (0) = 0.5 A, v c (0) = 100 V, i L f = -0.5 A 
.-. 4(0 = -o.5+v 10 ' + a 2 a 40 'a 
t = 0 + : v L (0 + ) = 100-50x 1 -200x 0.5 = -50V -50 = 5 i[ (0 + ) 

.-. 4' (0 + ) = -10 .-. -10 = -10A, -40A 2 , 0.5 = -0.5 + A! + A 2 

.-. Aj+A 2 =1.‘.-10 = -10A 2 -40(-1+A 1 ) = -50A 1 + 40, Aj = 1, A 2 = 0 


.'. 4(0 = -0.5 + le 10 'A, 7>0; 4(0 = (0.5A, 7>0 


10 March 2006 
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a = —-— = ——-= 4000, ( 0 2 o = —= ^—= 20xl0 6 

2RC 100x2.5 0 LC 50 

.'. co^ = sjal -a 2 = 2000, 4(0) = 2A, v f (0) = 0 

i cJ = 0, (v c f = 0).'. 4 = e 4m (Aj cos 20007+ A 2 sin 20007) 

work with v c : v c (7) = A 4000 ' (Bj cos 20007 + B 2 sin 20007) .'. Bj = 0 

1 10 6 

.-. v e = B 2 A 4000 ' sin20007, v’ (0 + ) = ~4(0 + ) =-(2xl) = 8xl0 5 

C- 2.5 

.'. 8xl0 5 = 2000B 2 , B 2 =400, v c =400A 4000 ' sin20007 

.-. 4(7) = Cv c ' =2.5x10 6 x400e 4000 ' (-4000sin 200'+2000 cos 2007) 
= 1 o^^e- 4000 ' (-4 sin 20007 + 2 cos 20007) 

= A 4000 ' (2 cos 20007 - 4sin 20007) A, 7> 0 
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60. (a) 


(b) 


1 


a = ■ 


8xl0 6 , 8x 10 6 x 13 


2RC 2x4xl0 3 ' " 4 

.-. a d = V26-1 x 10 3 - 5000, v c (0) = 8V 
i L (0) = 8mA, v cJ = 0 

. Vc = a 1000 ' (A, cos 10007+ A 2 sin 50007) 
1 


= 1000, co„ = 


= 26x 10 6 


8 


Aj = 8; v; (0 ) = — z c (0 ) = 8x10° (0.01-0.008) = 0 


4000 


,5000A 2 -1000x8 = 0, A 2 =1.6 


So v c (7) = e' 1000 ' (8 cos 10007+ 1.6 sin 10007) V, 7> C 



10 March 2006 
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61. 


R 1 , 2 1 1 

a = — = - = 1, co„ =-= 1.'. cnt. damp 

2L 1 ° LC 


v c (0) = -x 12 = 10V, 4(0) = 2A, v c f = 12V 
6 

v c (0 = \2 + e~‘ (A/-2); v c ' (0 + ) = ^ 4(0 + ) = ^xi L ( 0 + ) = 1 


■1 = ^+2; A, = -1 vAt) = 12-e~'(7 + 2)V, t >0 


10 March 2006 
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62.(a) 


v s = 10 u (- 1 ) V: a = 


1 


10 6 


2RC 2000x0.5 


= 1000 


1 1 x 1 fr x 3 

<BL= -=-= 0.75xl0 6 .-. Sl 2 =-500, -1500 

0 LC 8 ’ 


A -500/ . A 

.. v c = A x e + A 2 e 


-1500/ 


v o (0) = 10V, 4(0) = 10mA 


.'. 4+ A 2 =10, v' (0 + ) = 2xl0 6 [/ i (0)-/ fi (0 + )] = 2xl0 6 


r 


0 . 01 - 


10 




1000 


= 0 .'. -500A, -1500A 2 = 0, 


V ruuuy 

-Aj -3A 2 = 0; add: -2 A 2 = 10, A 2 = -5, A t =15 
v c (t) = 15e’ 500( -5e~ mot V/>0 
:.i R (t) = 


15A 500, -5A 13UU 'mA, t> 0 


1500A 


(b) 


v s = 10w(/)V, v c f = 10, v c = 10 + A 3 e 500 ' + A 4 e 


-1500; 


v c (0) = 0, 4(0) = 0 .-. A 3 + A 4 = -10V, v' c (0 + ) = 2x 10 6 
[i L (0) - i R (0 + )] = 2 x 10 6 (0 - 0) = 0 = -5 00A 3 -1500A 4 
-A 3 -3A 4 = 0, add: -2A 4 = -10, A 4 = 5A 3 = -15 
v c (0 = 10 -15A 500 ' + 5A 1500 'V, t> 0 
:.i R (t) 


10-15A 500 '+5e 15UU 'mA, t> 0 


1500/ 


10 March 2006 
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63.(a) 


v s (t) = 1 Ou (-t) V: a = 


1 


10 6 


2RC 1000 


= 1000 


co? = 


1 10 6 x 3 3 

-=-.-. j 12 =-1000± JlO 6 —xlO 6 =-500, -1500 

LC 4 u V 4 


v c , = 0 .-. v c = A^ 500 ' + A 2 A 13UUf , v c (0) = 10V, 4(0) = 0 


1500; 


c,f 


:A0 = A l +A 2 , v' c =10 6 / c (0 + ) = 10 6 

\4 


0 


10 

500 


= -2x 10 4 


.'. -2x10 = -500A, -1500A 40 = A 3 +3A 2 .\30 = 2A 2 , A 2 =15, A! = 

v c = -5A 500 ' + 15A 1500 'V, t >0 .-. i s = i c = Cv' 
i s = 10 ~ 6 (2500A 500 ' -22,500A 1500 ') 


-5 


2.5A 500 ' -22.5A 13 UU 'mA, ;>0 


1500a 


(b) 


v s (t) = 10 u (t) V .’. v c f = 10V, v c (0) = 0, 4(0) = 0 
■v =10+4A 500 '+A 4 A 1500 '.-. A, + A. = -10 


v ;(o + ) = io 6 4 (o + ) = io 6 


o+ 


10 

500 


= 2xl0 4 = -500 A, -1500 A, 


.•. -A 3 -3A 4 = 40, add: 2- A 4 = 30, A 4 = -15, A 3 = 5, 


v 4 — -rv/, cuavi. 

-500; i c -1500; 


-15a 1500 'v, 4=4 = 


v c = 10 +5e 

-6 / Ti-nn -500/ , to -1500/ 


10 ^ 6 (-2500A 500 ' +22,500A 1500 ') = 25A 500 ' +22.5A 1500 ' mA,?>0 
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64. Considering the circuit at t < 0, we see that z'l(O’) = 15 A and vc(O') = 0. 

The circuit is a series RLC with a = R/2L = 0.375 s' 1 and co^ = 1.768 rad/s. We therefore 
expect an underdam ped response with tu d = 1.728 rad/s. The general fonn of the 
response will be 

vc(0 = e at (A cos co ( \t + B sin co&t) + 0 (vc(cc) = 0) 

vc(0 + ) = vc(O') = 0 = A and we may therefore write vc(7) = Be" 0 ' 375 ' sin (1.728/) V 

i c (t) = -iilt) = C^= (80x 10' 3 )(-0.375B e 03 75t sin 1.728? 
dt 

At t = 0 + , i c = 15 + 7 - z L (0 + ) = 7 = (80 x 10' 3 )(1.728B) so that B = 50.64 V. 


Thus, vc(t) = 50.64 e °' 375r sin 1.8077 V and vc(7 = 200 ms) = 16.61 V. 


The energy stored in the capacitor at that instant is V 2 Cvc = 


11.04 J 


Enabled 

r 

r 

r 

r 



Print Step: 

Final Time: 

No-Print Delay: | 

Step Ceiling: 
r Detailed Bias Pt. 
f - Skip initial transient solution 


I - Enable Fourier 
Center Frequency: f 

Number of harmonics: | 
Output Vars.: | 
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65. (a) v s (0‘) = vc(O') = 2(15) =[30V 


(b) 

Thus, 


z L (0 ) = i L (0") = 15 A 


z c (0 + ) = 22 - 15 = 7 A and v s (0 + ) = 3(7) + v c (0 + ) = 51 V 


(c) As / — » oo, the current through the inductor approaches 22 A, so vs(/—» qo,) = 




(d) We are presented with a s eries RLC circuit having a = 5/2 = 2.5 s _1 and a> 0 = 3.536 
rad/s. The natural response will therefore be underdamped with co& = 2.501 rad/s. 

/[_(/) = 22 + e'" (A cos o\\t + B sin co&t) 

/ L (0 + ) = z'l( 0") = 15 = 22 + A so A = -7 amperes 

Thus, z L (0 = 22 + e 2 ' 5t (-7 cos 2.50It + B sin 2.50It) 

v s (/) = 2 i L (t) + L—^ = 2 i L +— = 44 + 2e~ 2 ' 5> (-7cos 2.5017 + Bsin 2.5017) 
dt dt 

- 2.5e' 2 ' 5t (-7cos 2.501/ + Bsin 2.501/) + e Z5t [7(2.501) sin 2.501/ + 2.501B cos 2.501/)] 

vs(/) =51 = 44 + 2(-7) - 2.5(-7) + 2.50IB so B = 1.399 amperes and hence 

vs(/) = 44 + 2e~ 2 ' 5t (-7cos 2.501/ + 1.399sin 2.501/) 

-2.5e 2 ' 5t (-7cos 2.501/ + 1.399sin2.501/) + e 2 ' 51 [17.5lsin2.501/ + 3.499cos 2.501/)] 


and vs(/) at / = 3.4 s = 44.002 V. This is borne out by PSpice simulation: 




PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers 
and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 



























www.elsolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Nine Solutions 10 March 2006 


66. For t < 0, we have 15 A dc flowing, so that z L = 15 A, vc = 30 V, V 3 n= 0 and vs = 30 V. 
This is a series RLC circuit with a = R/2L = 2.5 s' 1 and a>o = 3.536 rad/s. We therefore 
expect an underdamped response with a>d = 2.501 rad/s. 


0 < 1 v c (0 = e a> (A cos a>dt + B sin OMt) 

vc(0 + ) = vc(O') = 30 = A so we may write vc (t) = e 2 ' 5t (30 cos 2.50 It + B sin 2.50B) 

^ = -2.5e' 25( (30 cos 2.50B + B sin 2.50H) 
dt 

+ e' 2 ' 5t [-30(2.501)sin 2.50 It + 2.501B cos 2.50If] 


i c (0 + )= C d ^- 

dt 


= 80 x 10' 3 [-2.5(30) + 2.501B] = -/ L (0 + ) = -z L (0 ) = -15 so B = -44.98 V 

= 0 + 


Thus, vc(0 = e 2 ' 5t (30 cos 2.501t-44.98 sin 2.5017) and 

z'c(0 = e 2 ' 5t (-15 cos 2.5011 + 2.994 sin 2.5010- 
Hence, vs(0 = 3 z'c(0 + vc(0 = e 2 ' 5t (-15 cos 2.50H- 36 sin 2.50It) 

Prior to switching, vc (t= 1) = -4.181 V and ii£t= 1) = -ic(t= 1) = -1.134 A. 


t> 2: Define f = t - 1 for notational simplicity. Then, with the fact that vc(oo) = 6 V, 


our response will now be vc(f) = e a> (A’ cos + B' sin a>dt') + 6. 
With v c (0 + ) = A’ + 6 = -4.181, we find that A’ = -10.18 V. 

zc(0 + )=c^ 

dt' 


(80><10‘ 3 )[(-2.5)(-10.18) + 2.501B')] = 3 - z' L (0 + ) so B’ = 10.48 V 


Thus, 


v c (0 = e 2 ' 5 '(-10.18 cos 2.501F+10.48 sin 2.5010 and 


/c(0 = e' 2 - 5 ' (4.133 cos 2.501^-0.05919 sin 2.5010- 


Hence, vs(0 = 3 z'c(0 + v c(0 = e ' 2 ' 5t (2.219 cos 2.501F + 10.36 sin 2.5010 
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It’s probably easiest to begin by sketching the waveform v x : 


v x (V) 

75 











1 



3 

4 


-> 7 (s) 


(a) The source current ( = i L (t) ) = | 0 | 

(b) i\_(t) = |^oj at 7 = 0 + 


at 7 = O'. 


(c) We are faced with a series RLC circuit having a = R/2L = 2000 rad/s and OX) = 2828 
rad/s. Thus, an underdamped response is expected with cod = 1999 rad/s. 

The general form of the expected response is z'l(7) = e at (A cos o\\t + B sin ox\t) 
z‘l(0 + ) = z'l(O') = 0 = A so A = 0. This leaves z‘l(7) = B e' 2000/ $in 19997 

v L (7) = L dl ^= B[(5x10' 3 )(-2000 e 20001 sin 19997 + 1999 e 2om cos 19997)] 
dt 

v L (0 + ) = v x (0 + ) - v c (0 + ) - 20 z' L (0 + ) = B (5xl0' 3 )(1999) so B = 7.504 A. 


Thus, z' L (0 = 7.504 e' 2000 ' s in 19997 and z' L (l ms) 


0.9239 A. 


(d) Define f = 7 - 1 ms for notational convenience. With no source present, we expect a 
new response but with the same general form: 


z'l(7’) = e' 2000 '' (A’ cos 19997’ + B’ sin 19997’) 
his enables us to calculate that v L (7 = 1 ms) = 
pulse returning to zero volts, -75 + v L + vc + 20 z L = 0 so vc(7' = 0) = 69.97 V. 


vl(7) = L^s and this enables us to calculate that v L (7 = 1 ms) = -13.54 V. Prior to the 
dt 


z'l(7’ = 0) = A' = 0.9239 and -v x + vl + vc + 20 z' L = 0 so that B’ = -7.925. 
Thus, 7 l ( 7’) = e-2000 7’ (0.9239 cos 19997'- 7. 925 sin 19997’) and 
hence i l (7 = 2 ms) = /[ (/' = 1 ms) 


■1.028 A. 
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68. The key will be to coordinate the decay dictated by a, and the oscillation period 
determined by a>d (and hence partially by a). One possible solution of many: 


Arbitra rily set co ( \ = 2n rad/s. 

We want a capacitor voltage vc(0 = e' al (A cos 2nt + B sin 2nt). If we go ahead and 
decide to set vc(O') = 0, then we can force A = 0 and simplify some of our algebra. 

Thus, vc(t) = B e' a/ sin 2nt. This function has max/min at t = 0.25 s, 0.75 s, 1.25 s, etc. 
Designing so that there is no strong damping for several seconds, we pick a = 0.5 s' 1 . 
Choosing a series RLC circuit, this now establishes the following: 

R/2L = 0.5 so R = L and 


m = 



1 

V2y 


= 39.73 rad/s 


1 

Tc 


Arbitrarily selecting R = 1 Q, we find that L = 1 H and C = 25.17 mF. We need the first 
peak to be at least 5 V. Designing for B = 10 V, we .'. need z'l(0 + ) = 2tt(25.17x10' 3 )(10) = 
1.58 A. Our final circuit, then is: 



And the operation is verified by a simple PSpice simulation: 



0s 0.5s 1.0s 1.5s 2.Bs 2.5s 3.0s 3.5s 4.0s 

|njU(C1:1) 

_ Tine _ 
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69. The circuit described is a series RLC circuit, and the fact that oscillations are detected 
tells us that it is an underdamped response that we are modeling. Thus, 

/if/) = e at (A cos o\\t + B sin o\\t) where we were given that om = 1.825x 10 6 rad/s. 


1 

COq / 

VZc 


= 1.914xl0 6 rad/s, and so col = a>o 2 


a leads to a 2 = 332.8* 10 Q 


Thus, a = R/2L = 576863 s’ 1 , and hence R = 


1003 Q. 


Theoretically, this value must include the “radiation resistance” that accounts for the 
power lost from the circuit and received by the radio; there is no way to separate this 
effect from the resistance of the rag with the information provided. 
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70. For t < 0, z'l(O') = 3 A and vc(O') = 25(3) = 75 V. This is a series RLC circuit with a = 
R/2L = 5000 s' 1 and a>o = 4000 rad/s. We therefore expect an overdamped response with 
Si = -2000 s' 1 and S 2 = -8000 s' 1 . The final value of vc = -50 V. 

For t > 0, v c (0 = A e 2mt + B e' 8000 ' - 50 
v c (0 + ) = vc(O') = 75 = A + B - 50 


so 

dv, 


A + B= 125 


[ 1 ] 


dt 


c = -2000 Ae" 2000f - 8000 Be' 8000 ' 


/c(0>cA. 

dt 


= 3 - 5 - z'l(O') = -5 = -25x1 O' 6 (2000A + 8000B) 


i=0 + 


Thus, 2000A + 8000B = 5/25x1 O' 6 [2] 

Solving Eqs. [1] and [2], we find that A = 133.3 V and B = -8.333 V. Thus, 
v c (0 = 133.3 e 2om - 8.333 e mot - 50 
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71. 


a = 0 (this is a series RLC with R = 0, or a parallel RLC with R = oo) 

co o = 0.05 therefore co L \ = 0.223 rad/s. We anticipate a response of the form: 

v(7) = A cos 0.22367 + B sin 0.22367 

v(0 + ) = v(O') = 0 = A therefore v(7) = B sin 0.22367 

dv/dt = 0.2236B cos 0.22367; ic(t) = Cdv/dt = 0.4472B cos 0.22367 

7 C (0 + ) = 0.4472B = -/ L (0 + ) = -/ L (0‘) = -1 x 1 O' 3 so B = -2.236x10‘ 3 and thus 


v(7) 


-2.236 sin 0.22367 mV 


In designing the op amp stage, we first write the differential equation: 


1 pt 

— [ vdt' 

10 Jo 


— I vdt’ + 1CT 3 + 2— = 0 


dt 


(i c + i L 0) 


and then take the derivative of both sides: 

d 2 v 


dt 2 


20 


With 



= (0.2236)(-2.236 xlO 3 ) = -5xl0 4 , one possible solution is: 



PSpice simulations are very sens itive to par ameter values; better results were obta ined 


using LF411 instead of 741s (both were com 

oared to the simple LC circuit simulation.) 
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72. a = 0 (this is a series RLC with R = 0, or a parallel RLC with R = oo) 

co 0 =50 therefore o\\ = 7.071 rad/s. We anticipate a response of the form: 
v(l) = A cos 7.071t + B sin 7.0711, knowing that z'l(O') = 2 A and v(O') = 0. 

v(0 + ) = v(O') = 0 = A therefore v(l) = B sin 7.0711 

dv/dt = 7.071B cos 7.0711; z'c(0 = C dv/dt= 0.007071B cos 7.0711 

z'c(0 + ) = 0.00707IB =-i L (0 + ) = -z'l(O') =-2 so B = -282.8 and thus 

v(l) = -282.8 sin 7.0711 V 

In designing the op amp stage, we first write the differential equation: 



— I v dt +2 + 10 — — 0 ( i r + i, — 0) 

20 Jo dt c l 


and then take the derivative of both sides: 


With — = (7.071)(—282.8) = -2178 , one possible solution is: 



<=° -uft v 


Rf=So to 
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73. 


(a) 


-+ 3.3 x 10' 3 

1000 


dv 

dt 


or 


dv 1 

dt 3.3 


0 


(b) One possible solution: 
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74. We see either a series RLC with R = 0 or a parallel RLC with R = oo; either way, a = 0. 
a>o = 0.3 so a>d = 0.5477 rad/s (com bining the tw o inductors in parallel for the 
calculation). We expect a response of the form i(t ) = A cos o\\t + B sin <x>dt. 

z(0 + ) = z(O') = A = 1 x 10' 3 

di/dt = -A cod sin 0)4 + B <x>d cos ojJ 

vl = 10 di/dt = - \0AcOd sin codt + 10B®d cos a>dt 

v L (0 + ) = v c (0 + ) = v c (0‘) = 0 = 10B(0.5477) so that B = 0 

and hence i(t) = 10' 3 cos 0.54771 A 

The differential equation for this circuit is 


and 


di 

dt 


= 0 


t= o + 


1 1 1 

— fvt/T + 10' 3 +- 

10 J 2 


or 

d 2 v 

~df 


= - 0.3v 



One possible solution is: 
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75. (a) vr = v l 

20 (- / L ) = 5 ^. 

dt 


(b) We expect a response of the form i L (0 = A e fl x where x = L/R = 0.25. 



We know that z‘l(0") = 2 amperes, so A = 2 and z'l(0 = 2 e 
dl ' = -4(2) = -8 A/s. 

t= o + 


At 


dt 


One possible solution, then, is 



PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers 
and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 































www.elsolucionario.net 


Engineering Circuit Analysis, 7 th Edition 
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1 . 

(a) 


T = 4(7.5-2.1)10 3 =21.6x10'~ 3 , co = 


27x1 Q 3 
21.6 


= 290.97 rad/s 


f{t) = 8.5 sin (290.97 + ®) 0 = 8.5 sin (290.9x 2.1x10^+®) 
.-. ® = -0.6109 iad +2 ti = 5.672 rad or 325.0° 


.-. f{t) = 8.5sin(290.97 + 325.0°) 


(b) 8.5 sin (290.97 + 325.0°) = 8.5 


cos( 290.97 + 23 5°) = 8.5 cos (290.97 -125°) 


(c) 8.5 cos (-125°) cos co? + 8.5 sin 125 c 


sinco7 = -4.875 + cos290.97 + 6.963sin290.97 
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2 . 

(a) 


(c) 


-10cosco7 + 4sinco7 + ACos(w7 + ®), A > 0, -180°<® <180° 

A = -s/l 16 = 10.770, A cos® = -10, Asm® = -4 .'. tan® = 0.4, 3 d quad 


(b) 200 cos (57 +130°) = F cos 57 + G sin 57 . 



G = -200sinl30° =-153.2 


7(7) = 5 cos 107-3 sin 107 = 0, 0<7<1s 
sinlOt 5 

-= -, 10t = 1.0304, 


cosiur 

t = 0.10304 s 

; also, 107 = 1.0304 + 71, 

7 = 0.4172 s 

107 = 1.0304 + 2ti, 

7=0.7314 s 


(d) 0<t<10ms, IOcosIOOtiI> 12sinl007rt; let 10cosl007TT = 12sinl007T7 

10 


.'. tanl007i:t = —, IOOttT = 0.6947 t = 2.211 ms.'. 
12 


0 < t < 2.211 ms 
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3. 


(a) Note that A cos x + B sin x = V A 2 + B 2 cos 


f 


(b) 


x + tan 


v 


-B 


\\ 


J) 


. For J\t), the angle is in the 


second quadrant; most calculators will return -30.96°, which is off by 180°. 
/(t) = -50 cos cot - 30 sin cot = 58.31 cos (cot +149.04°) 
g(t) = 55 cos cot -15 sin cot = 57.01 cos (cot +15.255°) 
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4. 1(1) = A cos (col - 9), and 


L (di / dt) + R1 = V m cos co1 

[-coA sin (dol - 0)] + RA cos (col - 0) = V m cos col 
-coLA sin col cos 0 + coLA cos col sin 9 + RA cos col cos 0 + RA sin col sin 9 
= V m cos col 

.'. coLA cos 9 = RA sin 9 
and co LA sin 9 + RA cos 9 = V 

m 

Thus, tan 0 = jk 

R 



and coLA 


so that , = + , =- A = V 


WR 2 +co 2 L 2 VR 2 +co 2 L 2 J 



A = (V m ) and therefore we may write A = , = sjc 

V R 2 +co 2 L 2 
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5. /= 13.56 MHz so <x>= 27rf= 


85.20 Mrad/s. 


V, 


Delivering 300 W (peak) to a 5-Q load implies that = 300 so 


V m = 38.73 V. 


Finally, (85.2xl0 6 )(21.15xl0' 3 ) + </> = nn, n = 1, 3, 5, ... 

Since (85.2xl0 6 )(21.15xl0~ 3 ) = 1801980, which is 573588 tt, we find that 
4> = 573589^--(85.2xl0 6 )(21.15xl0' 3 ) = 573589^-- 573588^-=^^ 
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6 . 


(a) -33 sin(87 - 9°) —> -33Z(-9-90)° = 33Z81° 

12 cos (St- l°)-> 12Z-1 0 



-33 sin(87- 9°) leads 12 cos (St - 1°) by 
81 - (-1) = 82°. 


(b) 15 cos (10007 + 66°) —> 

-2 cos (10007 + 450°) ->-2 



15Z66° 

1 

f 2Z270° 


15 Z 66° 

Z 450° = -2 Z90° = 2 Z 270° 


15 cos (10007+66°) leads -2 cos (10007 + 450°) 
by 66--90= 156°. 


(c) 


sin (7-13°) -> 

cos (7-90°) ->1 



1Z-103° 
Z -90° 


cos (7 - 90°) leads sin (7 - 13°) 
by 66--90= 156°. 


(d) sin 7 —> 1 Z -90° 

cos (7-90°) ->1 Z -90° 


These two waveforms are in phase. Neither leads the other. 
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7. 


(a) 6 cos (2;z607- 9°) -A- 6Z-9° 

-6 cos (2^607 + 9°) -» 6Z189 0 



-6 cos (2;z607 + 9°) lags 6 cos (2^607 - 9°) 
by 360-9- 189 = 162°. 


(b) 


cos (7-100°) —> 

-cos (7-100°) ->-l 


1 Z-100° 

Z-100°= 1 Z80° 



-cos (7 - 100°) lags cos (7 - 100°) by 180°. 


(c) 


-sin 7 ->-l Z-90° = 1Z90° 

sin 7 —> 1Z -90° 


1Z90° 

i 


r 1 Z -90° 


-sin 7 lags sin 7 by 180°. 


(d) 7000 cos (7 - 7i) 

9 cos (7-3.14°) 


—> 7000 A-n = 7000 Z-180° 

-A 9 Z -3.14° 



7000 cos (t-7r) lags 9 cos (7- 3.14°) 
by 180-3.14= 176.9°. 
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8. v(t) = Vi cos cot - V 2 sin cot [1] 

We assume this can be written as a single cosine such that 

v(t) = V m cos (cot + <f>) = V m cos cot cos cj) - V m sin cot sin cj) [2] 
Equating terms on the right hand sides of Eqs. [1] and [2], 

Vi cos cot - V 2 sin cot = (Vm cos cj)) cos cot - (V 111 sin cj)) sin cot 

yields 

V 1 = V m cos cf> and V 2 = V m sin cj) 


Dividing, we find that s * n ^ = tan cj) and cf>= tan"'(V 2 / Vi) 



Next, we see from the above sketch that we may write V m = Vf cos cj) or 

V, 


V = 


V.AN + V; 



Thus, we can write v(t) = V m cos (cot + cj)) = -Jv, 2 + V 2 2 cos [ cat + tan' 1 ^/ Vi)]. 
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9. (a) In the range 0 < t < 0.5, v(t) = 7/0.5 V . 


Thus, v(0.4) = 0.4/0.5 


0.8 V. 


(b) Remembering to set the calculator to radians, 


0.7709 V. 


(c 0.8141 V. 


(d) 


0.8046 V. 
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10. (a) 


Vn 


-.1/ 


y2 j 

—^ f COS 2 (Dt dt 

T Jo 


T Jo 

V 2 r T 


1 


2 2^7 , 
dt 


cos 

j Jo j 


V 2 

m 

2T 

V 2 

m 

2T 

Yn 

V2 



4 7lt^ 


1 + cos- 

dt 

Jo 1 

T v 


r T , 

V 2 fi 


dt 


cos 

Jo 

2T Jo 



V 2 

- 

4 n 

T + 

— 121 COS U 



8/T 

0 

* 






(b) 


V m = llO-v/2 = 155.6V, 115 V2 = 162.6V, 120V2= 169.7V 
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11. We begin by defining a clockwise current i. Then, KVL yields 

-2x lCT 3 cos5t + 10/ + vc = 0. 

Since i = i c = C^- , we may rewrite our KVL equation as 

dt 

30-^-^ + v c = 2xl0~ 3 cos5t [1] 

dt 

We anticipate a response of the form vc(0 = Acos(5t + 9). Since = -5^4sin(5t + 0 ), 

dt 

we now may write Eq. [1] as -150Asin(5t + 9) + Acos(5t + 9) = 2><19~ 3 cos5t. Using a 
common trigonometric identity, we may combine the two terms on the left hand side into 
a single cosine function: 


(150 A)~ + A 2 cos 


f 


51 + f&+ n 


_! 150A 
A 


2x10 3 cos5t 


Equating terms, we find that A = 13.33 pV and 9 = -tan 1 150 = -89.62°. Thus, 

vc(0 = 13.33 cos (5 1 - 89.62°) pV. 
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12. KVL yields 


-6cos400t+ 100/ + vl = 0. 


Since 


di „ di 


v L =L — = 2 —, we may rewrite our KVL equation as 


dt dt 


2 — + 100/ = 6 cos 4001 
dt 


[ 1 ] 


We anticipate a response of the form i{t) = Acos(400/ + 9). Since 

— = -400^4 sin^OOt + 0 ), 
dt 

we now may write Eq. [1] as 

-800Asin(400t + 9) + 100Acos(400t + 9) = 6 cos400t. 

Using a common trigonometric identity, we may combine the two terms on the left hand 
side into a single cosine function: 


(800A)~ +(100A) cos 


f 


4001 + f)+ an 


800 ^ 


= 6cos 4001 


100 A 

Equating terms, we find that A = 7.442 inA and 9 = -tan 1 8 = -82.88°. Thus, 

di „ di 


1(1) = 7.442 cos (400t - 82.88°) mV, so v L = L — = 2 — = 

dt dt 


5.954cos (4001+7.12°) 
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13. 20cos500 7 V —» 20Z0° V. 20 mH —»y'10 Q. 

Performing a quick source transformation, we replace the voltage source/20-Q resistor 
series combination with a 1Z0° A current source in parallel with a 20-Q resistor. 

20 || 60k = 19.99 Q. By current division, then, 


19.99 


19.99 + 5 + y'10 


0.7427Z-21.81 0 A. Thus, i L (t) 


742.7 cos (5007- 21.81°) mA. 
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14. 

Atx-x: R, a = 80||20 = 16Q 
80 

v oc =-0.4(15||85) — cos5007 
85 

.'. v oc = 4.8 cos 5007 V 

, , . 4.8 f cr\n -1 ! 0 ^| 

(a) i L = ,- cos 5007-tan — 

V16 2 +10 2 l 15 J 

= 0.2544 cos(5007-32.01°)A 


(b) v L = Li! = 0.02 x 0.02544 (-500) 

sin (5007 - 32.01 °) = - 2.544 sin (5007 - 32.01 °) V 
:.v L =2.544cos(5007 + 51.99°) V, i x 
= 31.80 cos (5 007 + 57.99°) mA 
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15. 

(a) 


i = 


100 


a / 500 2 + 800 : 


■ cos 


fl0 5 f-—1 
^ 500 J 


= 0.10600 cos(10 5 7-57.99°) A 


p R = 0 when i = 0 .'. 10^7- 


57.99 c 

180 


n 

-n = —,t = 
2 


25.83jua 


(b) ± Vl =L/' = 8x10- 3 x 0.10600(-10 5 ) sin(10 5 7-57.99°) 
:.v L = -84.80sin(10 5 7-57.99°) 

.-. p, =v L i =-8.989sin(10 5 7-57.99°) 

cos(10 5 7 -57.99°) = -4.494 sin(2x 16 5 7-115.989°) 

.-. p L =0 when 2xl0 5 7-l 15.989° = 0°, 180°, 

.'. 7 = 10.121 or 25.83|us 


(c) p s =v s i L = 10.600 cos 10 5 7 cos (10 5 7-57.99°) 


n 


p s = 0 when 10 7 = — , 7 = 1 5.708 (oa 


and also 7 = 


25.83jus 
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16. v s =3cosl0 5 ^ V, 4 =0.1cosl0 5 rA 

v s in series with 30Q —> 0.1cos10 5 7A||30Q 
Add, getting 0.2cosl0 5 tA|30Q 

change to 6 cos 10 5 t Vin series with 30Q; 30Q + 20Q = 50Q 
6 


V50 2 +10 ; 


r cos 


f in) 

10 5 1 - tan 1 — = 0.11767 cos (10 5 1 - 11.310°) A 


v 


50 


Ati& jlia, 10 5 7 = 1.\ i L =0.1167cos(1 


rad 


.-. v L = 0.11767 x 10 cos (l rad -11.30° + 90°) = 


11.310°) = 

81.76inA 

-0.8462V 
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17. cos500 7 V —> 1 Z0° V. 0.3 mH —»y0.15 Q. 

Performing a quick source transformation, we replace the voltage source-resistor series 
combination with at 0.01 ZO" A current source in parallel with a 100-0 resistor. Current 
division then leads to 

(0.01 + 0.2I r )-—- = I, 

v w 100 + j 0.15 


1 +20I l = (100 +70.15) I L 
Solving, we find that I L = 0.0125Z-0.1074 0 A, 


so that i L (t) = 12.5cos(500t- 0.1074°) mA. 
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18. 


(a) 

(b) 


v ri = V s2 = 120 cos 120 ft 7 V 

— = 2A, — = 1A, 2 + 1 = 3A, 60||l20 = 40Q 
60 12 11 


3x40 = 120V,coL = I2n = 37.70Q 
120 f 


V40 2 +37.70" 


- cos 


1207tf-tan 


= 2.183cos(120tU-43.30°)A 


37.70^ 
40 , 


co L = |x 0.1x2.183 2 cos 2 (120^-43.30°) 
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19. v sl = 120cos400t V, v s2 = 180cos200t V 

Performing two quick source transformations, 


120 180 

-= 2 A,-= 1.5 A, and noting that 60 I|l20 = 40 Q, 

60 120 11 


results in two current sources (with different frequencies) in parallel, 
and also in parallel with a 40 Q resistor and the 100 mH inductor. 

Next we employ superposition. Open-circuiting the 200 rad/s source first, 
we perform a source transformation to obtain a voltage source having 
magnitude 2 x 40 = 80 V. Applying Eqn. 10.4, 



Next, we open-circuit the 400 rad/s current source, and perform a 
source transformation to obtain a voltage source with magnitude 
1.5 x 40 = 60 V. Its contribution to the inductor current is 


•11 

h 



so that i L = 1.414cos(400t-45 0 ) + 1.342cos(200t-26.57°) A 
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20. L 

R ( . = oo, R o = 0, A = oo, ideal, jCj R — 

R 


V„, cos cot 


upper 


_ • _ out 

^ ’ l ° wer 


4l = i upper + hover = ~ out ~ X,, COS (Ot) = 
K 1 

V,„ COS at = v out + RjCjv'^ = v oul +^v' out 


R 


For RL circuit, V m cos cot = v + L — 

dt 

L , 

.-. V m cos cot = v R +—v R 

IV 

By comparison, v R = v out jj- 




vRy 
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21 . 

(a) 

(b) 


1 r 

V,„ cos cot = R/ -\— I idt (ignore I.C) 

C j 


-coV m sin co t = Ri' + — i 
m C 


Assume A= cos((yi + 0) 


.'. -coV m sin co t = -RtyA sin (cot + O) H— cos (cot + O) 

(2 

A A 

.'. -cdV,„ sin co t = -R<wA cos O sin co 7-Rn>A sin O cos co t H— cos co t cos O-sin co t sin O 

C C 

Equating terms on the left and right side, 

A 1 

[1] R<yAsin®= — cos®.‘.tan® =-so tD = an 1 (l/ty CR), and 

C <uCR 


[2] -coV m = -RcoA 


co CR 


A 


1 


\ll + co 2 C 2 R 2 C Vi + ® 2 C 2 R 2 


ooV m = - 
m C 


R co C +1 
Vl + <y 2 C 2 R 2 


=—Vi+® 2 c 2 r 2 .-. a= ._ 

C Vi+® 2 c 2 r 2 


co CV, 


co CV„, 


r 


l = 


Vl + (y 2 C 2 R 2 


-cos 


cot + tan - 


1 


V 


co CR 
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22 .(a) 


(c) 

(d) 
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23. 

(b) 


(a) 3+ 15 Z -23° = 3 + 13.81 



(c) 5-16(9 -j 5)/ (33 Z -9°) = 5 - (164 Z -29.05°)/ (33 Z -9°) 


= 5-4.992 Z-20.05° = 5 - 4.689 -j 1.712 = 0.3109 +j 1.712 
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24. (a) 5 Z 9° - 9 Z -17° = 4.938 +j 0.7822 - 8.607 +j 2.631 = -3.668 +j 3.414 


(d) 


5.011Z 137. l c 


(b) (8 -j 15)(4 +j 16 )-j = 272 +j 68 j = 272 +j 67 = 


280.1 Z 13.84° 


(c) (14 —j 9)1 (2 -j 8) + 5 Z -30° = (16.64 Z-32.74 0 )/ (8.246 Z - 75.96°) + 4.330 -j 2.5 
= 1.471 +j 1.382 + 4.330-7 2.5 = 5.801 -j 1.118 = 15.908 Z-10.91 c 


17 Z -33° + 6 Z-21° +j 3 = 14.26 -j 9.259 + 5.601 -j 2.150 +j 3 
= 19.86 -j 8.409 = 21.57 Z-22.95° 
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25. (a) e 7140 + 9 Z 3° - (8 -j 6)// = 1 Z 14° + 9 Z 3° - (8 -j 6)/ (-1) 


= 0.9703 +j 0.2419 + 8.988 +j 0.4710 + 8 -j 6 = 17.96 -j 5.287 = 

18.72 Z-16.40° 

(5 Z 30°)/ (2 Z - 

15°) + 2 e j5 °/ (2 - / 2) 


2.5 Z 45° + (2 Z 5°)/ (2.828 Z -45°) = 1.768 + j 1.768 + 0.7072 Z 50° 

= 1.768 + j 1.768 + 0.4546 + j 0.5418 


= 2.224+j 2.310 = 

3.207 Z 46.09° 
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26 . 


(a) 

(b) 

(c) 

(d) 

(e) 
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27. 

(a) 

(b) 

(c) 

(d) 


40 Z - 50° -18Z25° = 39.39Z - 76.20' 


- 2 2 — j5 
j 1 + J2 


4.050 Z-69.78 0 
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28. 

4 = 20e (40t+3 ° O) A v c = lOOj 20 e J<40,+30O) dt 
v c =-j50e J(40t+30 °\ i R =-jlOe K40t+m A 
:.i L =(20-jlO)e J(40t+30 °\v L = 740x0.08(20 
.'. v L = (32 + y'64) e j(40,+3 ° O) V /. v s = (32 + j 64 ■ 


.. v = 


34.93e 


y(40/-53.63°) 


V 


7 IO) g7 (40?+30 °) 

/50)e /(40 ' +30 ° ) 
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29. 


i, = 20e 7 > A 


v L =0.2— [20e 


„/(10t+25°)-i _ 


dt 


] = j 40e 


(10/=25°) 


= 80e 


y(10/+25°) 

v s = (80 + j40)e j(Wt+25O> ,i c =0.08(80 + j40) j\0e i<m+2T) 
.••4 =(-32 + j64)e J(m+25 ° ) .-.4 =(-12 + j64)e mot+2y) 


:.i = 


65.12e 


j'(10(+125.62°) 


A 
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30. 80 cos(5007 - 20°) V -> 5 cos (5007 +12°) A 


(a) v s = 40 cos (5007+ 10°) .'. i out = 2.5 cos (5 007 + 42°) A 


(b) v s =40 sin (5007+ 10°) = 40 cos (5007-80°) 


' ' ^out 


2.5 cos (5007 - 48°) A 


(c) v s = 40^ (500 ' +1()O) = 40 cos (5007+ 10°) 
+y'40sin (5007 +10°) .’. i out = 


2.5e 


y(500?+42°) 


A 


(d) v s = (50 + j20) e j5m = 53.85 + e y21 - 8 ° o+y500/ 
i, =|3.366e /(500r+53S0 ° ) A 
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31. 


(a) 12 sin (400/ + 110°) A -> 


12Z20°A 


(b) -7 sin 8007 -3 cos 8007 —> jl- 3 

= -3 + jl =|7.616Z113.20°A 


(c) 4 cos (2007 - 30°) - 5 cos (2007 + 20°) 


-A 4Z - 30° -5Z20° = 3.910Z -108.40° A 


(d) co = 600,7 = 5ms: 70Z30° V 


70cos(600x5xl0~ 3rad +30°) = 


-64.95 V 


(e) co = 600, 7 = 5ms: 60 + j40V = 72.11Z146.3 0 
-+ 72.1 lcos(3 rad +146.31°) =|53.75 V 
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32. co = 4000, 7 = 1ms 

(a) I v = 5Z-80° A 

:.i x = 5cos(4 rad -80°) = 


-4.294 A 


(b) I v =-4 + 71.5 = 4.272Z159.44° A 


.'. 4 = 4.272 cos (4 rad +159.44°) = 

3.750“ A 

(c) v x (7) = 50 sin (2507 -40°) 



- 50 cos (2507-130°) ^V x = 

50Z-130°V 


(d) v x = 20 cos 1087 - 30 sin 1087 
-> 20 + y'30 =|36.06Z56.31°V 


(e) v = 33cos(807-50°) + 41cos(807-75°) 


33Z - 50° + 41Z - 75° = 72.27Z - 63.87° V 
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33. 


Engineering Circuit Analysis, 7 th Edition Chapter Ten Solutions 


V, = 10Z90°mV, CO - 500; V 2 = 8Z90°mV, 
go = 1200, M by -5, t = 0.5ms 


= (-5) [10cos(500x0.5xl0 
+ 8 cos (1.2 x 0.5 + 90°)] 

= 50sin0.25 rad +40sin0.6 rad 


+ 90 °) 


34.96mV 
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34. Begin with the inductor: 

(2.5 Z40°) (/500) (20xl0‘ 3 ) = 25Z130° V across the inductor and the 25-Q resistor. 

The current through the 25-Q resistor is then (25Z130°) / 25 = 1Z130°A. 

The current through the unknown element is therefore 2.5Z40 0 + 1Z130 0 = 

2.693 Z61.80° A; this is the same current through the 10-Q resistor as well. 

Armed with this information, KYL provides that 


and 


V s = 10(26.93Z61.8°) + (25Z -30°) + (25Z130 0 ) = 35.47 Z58.93 0 


v g (0 = 35.47 cos (5007+ 58.93°) V. 
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35. co= 5000 rad/s. 


(a) The inductor voltage = 48Z 30° =jcoL I L = /(5000)( 1.2x1 O' 3 ) II 

So II = 8Z-60" and the total current flowing through the capacitor is 
10 Z 0° - I L = 9.165Z49.11° A and the voltage Vi across the capacitor is 


Vi = (l//<aC)(9.165Z49.11°) = -j2 (9.165Z49.11 0 ) = 18.33Z-40.89 0 V. 


Thus, 


Vi(f)= 18.33 cos (50007-40.89°) V. 


(b) V,= V, +5f9.165Z49.11 o ) + 60Z120 o = 75.88Z79.48°V 


v 2 (7) = 75.88 cos (5 0007 + 79.48°) V 


(c) V 3 = V 2 - 48Z30° = 75.88 Z79.48 0 - 48 Z3Q 0 = 57.70Z118.7° V 
.\v 3 (7) = 57.70 cos (50007 + 118.70°) V 
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36. Vr=1Z0°V,V S( 

V r = 1 and Vseri 


= {\+ja>-jlco){\ZV) 
-- yjl + (a>-l/a >) 2 


We desire the frequency w at which V se ries = 2V R or Varies = 2 
Thus, we need to solve the equation 1 + (&>- Mcof = 4 
or o) 1 - V3 0-1 = 0 


Solving, we find that 


co = 2.189 rad/s. 
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37. 


With an operating frequency of co= 400 rad/s, the impedance of the 10-mH inductor is 
jcoL =j4 Cl, and the impedance of the 1-mF capacitor is -j/coC = -J2.5 Cl. 

.'. V c =2Z40°(-y2.5) = 5Z-50°A 


•••v, 

V x 


= 3 - 2Z40° = 1.9513Z - 41.211 0 A 
= 4x1.9513Z90°-4.211° = 7.805 + Z48.79° V 
= V z - V c = 7.805 + Z48.79°-5Z-50° 


v x =9.892 cos (4007+ 78.76°) V 
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38. 


IfI Si =2Z20°A, I s2 = 3Z-30° Y oul =80Z10°V 

I. d = I s2 = 4Z40° A -> V out = 90-7‘30 V 

Now let I sl = 2.5Z-60°Aand I s2 =2.5Z60°A 

Let V out = AI sl + BI i2 .-. 80Z10° = A(2Z20°) + B(3Z-30°) 

and 90 - /30 = (A + B) (4Z40°) .'. A + B = 9Q ~ 730 - 12.415 + - /20.21 
v v 7 4Z40° 

.-. 8QZ1 ° -A + B 3Z ~ 3 ° .-. A = 40Z-10°-B(1,5Z-50°) 

2Z20° 2Z20 

.-. 12.415 + -7'20.21-B = 40Z-10°-B(1.5Z-50°) 

12.415 + - y'20.21 - 40Z -10° = B (1 -1.5Z - 50°) 

= B(1.1496Z +88.21°) 

/B = 30.06Z-153.82° 

1.1496Z + 88.21 0 

.'. A = 12.415 + -720.21-10.800 + y‘23.81 

-49.842Z-60.32° 

y oul = (49.842Z - 60.32°) (2.5Z - 60°) 

+(26.15Z117.97°)(2.5Z60°) 


= 165.90Z-140.63°V 
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39. We begin by noting that the series connection of capacitors can be replaced by a single 


equivalent capacitance of value C = 


1 


1 + 1 /+ 1 / 
/2 /3 


= 545.5 fi .Noting® = 2^ 


(a) 


(b) 


(c) 


(d) 
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40. We begin by noting that the parallel connection of inductors can be replaced by a single 

equivalent inductance of value L = —'— = — nH. In terms of impedance, then, we have 

1 + 5 6 


Noting 

(a) 

(b) 

(c) 

(d) 

(e) 


f 


Z = 


A 


jco —xlO 

v 6 J 


5 + jco —xlO 9 
6 


o0 = 24, 

co=2n rad/s, therefore 


Z=y5.236xl0^ 9 Q 


(the real part is essentially zero). 


co= 2><10 j 7t rad/s, thereforel Z = 5.483x10 12 + j5. 236x10 0 Q. 


-v-6 


co= 2x\0 6 n rad/s, therefore Z = 5.483xl0~ 6 + y'5.236xl0~ 6 Q. 


a>= 2x10\ rad/s, therefore 


Z = 2.615 +y'2.497Q. 


co= 2x\0 n n rad/s, therefore Z = 5 + y'4.775x10 J Q . 


■v-3 
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41. 

(a) co = 800: 2|uF —> -j625, 0.6H —> y'480 

. _ 300(-;625) | 600Q-480) 

“ _ 300-7625 + 600 + 7480 
= 478.0 + J175.65Q 


(b) 


co = 1600 : Z in 


300(-y312.5) 
300-j312.5 


600C/960) 
+ 600 + 7960 


587.6 + j\ 19.79Q 
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42. 


At co = 100 rad/s, 2 mF —» 0.1H ^ 7 IO Cl. 

50- /50 IO- 7 IO 2 - 7 I 


(a) (10 + y 10) ||(—y 5) =■ 


10 + 75 2 + jl 2 - 7 I 


= 2 - 76 Cl:. Z in = 20 + 2 - 76 = 22 - 76 Q 


(b) SCa, 6 : 20 ||l0 = 6.667, (6.667 -y5)|/10 


50 + 7'66.67 _ 150 + 7'200 _ 30 + >40 4 -73 
6.667+ 75 ~ 20 + y'15 ~ 4+ 73 *4-73 


= .-. Z„,(1.2 + 71 . 6 )(4 - 73 ) = 9.6 + 72 . 8 Q 
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43. 

to = 800 : 2\iF -> -j6 25, 0.6H —> j480 
. _ 300(-;625) | 600(7480) 

“ 300-7625 + 600 + y480 
= 478.0 + yl75.65Q 

• t _ 120 :: ~-/' 625 

“ 478.0+ yl75.65 X 300-y625 

or I =0.2124Z-45.82°A 


i(t) = 212.4 cos (8007- 45.82°) mA. 
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45. 


(a) C = 20|uF, co = 100 


Z = - 


(b) 


1 


1 


— +— 1 — + 71000x20x10“® °- 005 J 0M + J °- 002 

200 j \000 
1 


.. z = — 

m 0.005 + 70.001 
co = 100 rad/s .'. Z. = 


= 196.12Z-11.310°fi 


1 


Z. =125 = 


0.005-70.001 + ylOOC 
1 


0.005 2 +(l00C-0.00l) 
or 64xl0' 6 = 0.005 2 +(l00C-0.00l ) 2 
6.245 xlO ' 3 = \/39xl0 ' 6 =100C-0.001 


so 


or C = 72.45 fiF 


(c) C = 20(J,F .'. Z in = 


1 


r 


0.005‘ + 


0.0005- 7 O.I/co + 7’2 x10 co 

3 2 f 


= 100Z = 


1 


2x10~ 5 co- — 
to 7 


= 0 . 0001 , 


.-. 2 x 10 5 - 


0.01 


co 


2 x 10 5 - — 

v ® ) 

■5 2 — 


0.01 z 


= 7.5x10^ 


+ 866 . 0 x 10 = 0 .'. 2 x 10 ? co 2 + 866 . 0 x 10 3 co- 0.1 = 0 


866.0x 10 “ 5 ±V7.5x 10 5 + 8 x 10 ‘ 6 AAA ^ , n 
use - sign: to =- : ——i-= 444.3 and < 0 


use + sign: co = 


4x10 

- 866 . 0 x 10 5 ± V7.5xl0 ~ 5 + 8 x 10 
4x 10 ~ 5 


-6 


= 11.254 and <0 


.‘. co = l 1.254 and 444.3 rad/s 
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46. 


(a) 


1 

jx 30 


= 25 = - 


0.04 


—+ -^ = 0.0016 
900 x 2 


.‘. X = 45.23Q = 0.002co, 


co = 2261 rad/s 


(b) 


f 


1 


ZY fa =-25° = Z f 

.'. x = 64.34 = 0.02<», co = 


— l — 

v30 x J 


= tan 


3217rad/s 


-30 

x 


(C) 


30Q-Q.02CO) 30-70.092CO _ 0.012co 2 + yl8(o 

~ 900 + 0.0004co 2 


Z m 

M 30 + 7'0.02co 30-7'0.02co 

.-.0.012co 2 =25 (900 + 0.0004co 2 ) 
.-.0.012co 2 =0.0 lco 2 +22,500, co = 


3354rad/s 


(d) 


18co = 10(900 + 0.0004co 2 ), 0.004co 2 
co 2 -4500co + 2.25xl0 6 = 0 

4500±-\/20.25xl0 6 -9xl0 6 

co =-= 

2 


— 18 co + 9000 — 0, 


4500±3354 

2 


572.9, 3927rad/s 
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47. With an operating frequency of co = 400 rad/s, the impedance of the 10-mH inductor is 
jcoL = /4 Q, and the impedance of the 1-mF capacitor is -j/coC= -y'2.5 Q. 

V c = 2Z40°(-/2.5) = 5Z-50°A 
:.1 L = 3-2Z40 0 = 1.9513Z-41.211° A 

2Z40°(R 2 - y2.5) 

1 R!+7'4 

4 = 2Z40°(R 2 -j2.5) 

1.9513Z — 41.21° 

= 1.0250Z81.21°(i? 2 -y'2.5) 

= R 2 (1.0250Z81.21°) + 2.562Z -8.789° 

= 0.15662R 2 + yl.0130R 2 +2.532-jO.3915 
.'. Rj = 2.532+ 0.15662R 2 , 4 = 1.0130R 2 - 0.395“ 

.• R 2 =4.335 + Q, Rj = 3.21 IQ 
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48. 

(a) 


co= 1200 rad/s. 

0 = 1200 

_ -j x(200 + j80) _ (80x-j200x)[200 + j(x-8 0)] 
in ~ 200 + y(80 -x)~ 40,000 + 6400 -160x + x 2 

X in = 0 .'. -40, OOOx + 80 x 2 - 6400 x = 0 

1 


.'. 46,400 = 80x, x = 580Q = 


1200C 


C = 1.437 p 


(b) 


Z = 80X-J200X 
m 200 + 7(80-X) 1 

6400X 2 +40, OOOX 2 


= 10,000 


" 40,000 + 6400-160X + X 2 
.'. 0.64X 2 +4X 2 =X 2 -160X + 46,400 
.-.3.64X 2 + 160X-46,400 = 0, 

_ -160±^25,600+ 675,600 _ -160±837.4 
7.28 ~ 7.28 

1 


X = 

.-. X = 93.05 (> 0) = 


1200C 


C = 8.956|uF 
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49. At co = 4 rad/s, the 1/8-F capacitor has an impedance of -j/coC = -/2 Q, and the 4-H 
inductor has an impedance of jcoL =j 16 Q. 


(a) Term 

inals ab open circuited: Z in = 8 +y!6 

1 (2- 

J2) = 

10.56-yl.92 Q 







(b) Term 

inals ab short-circuited: Z in = 8 +/16 

2 = 

9.969 + y0.2462 Q 
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50. 

/= 1 MHz, 

c 0 = 2 7rf= 6.283 Mrad/s 


2 

pF 

-> -yO.07958 Q 

= z, 

3.2 

pH 

-> 720.11 Q 

= Z 2 

1 

pF 

—> -yO.1592 Q 

= Z 3 

1 

pH 

—> 76 .283 Q 

= Z 4 

20 

pH 

—>y'125.7 Q 

= Z 5 


200 pF 

—> -y'795.8 Q 

= Z 6 


The three impedances at the upper right, Z 3 , 700 kQ, and Z 3 reduce to -y'0.01592 Q 
Then we form Z 2 in series with Z eq : Z 2 + Z eq =j'20.09 Q. 


Next we see 10 6 1[ (Z 2 + Z eq ) = y'20.09 Q. 


Finally, 


Z; n — Zi + Z 4 + y’20.09 - : y26.29 Q. 
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51. As in any true design problem, there is more than one possible solution. Model answers 
f ollow: 


(a) Using at least 1 inductor, co= 1 rad/s. Z = 1 + ;4 Q. 


Construct this using a single 1 Q resistor in series with a 4 H inductor. 


(b) 


(c) 


Force /L =j/C, so that C = 1/L. Then we construct the network using 


a single 5 Q resistor, a 2 H inductor, and a 0.5 F capacitor, all in series (any values for 
these last two will suffice, provided they satisfy the C = 1/L requirement). 


Z = 7Z80° Q. R = Re{Z} = 7cos80°= 1.216 Q, and X = Im{Z} = 7sin80° = 6.894 Q. 
We can obtain this impedance at 100 rad/s by placing a resistor of value 1.216 Q in 
series with an inductor having a value of L = 6.894/®= 68.94 mH. 


(d) A single resistor having value R = 5 Q is the simplest solution. 
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52. As in any true design problem, there is more than one possible solution. Model answers 
f ollow: 


(a) 1 + j4 kQ at a>= 230 rad/s may be constructed using a 1 kQ resistor in series with an 
inductor L and a capacitor C such that /230L - //(230C) = 4000. Selecting arbitrarily C = 
1 F yields a required inductance value of L = 17.39 H. 


one design is a 1 kQ resistor in series with 17.39 H in series with 1 F. 


(b) To obtain a purely real impedance, the reactance of the inductor must cancel the 
reactance of the capacitor, In a series string, this is obtained by meeting the criterion <yL 
1/fflC, orL= Uco 2 C= 1/100C. 


Select a 5 Mfi resistor in series with 1 F in series with 100 mH. 


(c) If Z = 80Z-22 0 Q is constructed using a se ries combi nation of a single resistor R and 

single capacitor C, R = Re{Z} = 80cos(-22°) = 74.17 Q. X = -HcoC = Im{Z} = 
80sin(-22 °) = -29.97 Q. Thus,| C = 667.3 pF.| 


(d) The simplest solution, independent of frequency, is 


a single 300 Q resistor. 
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53. Note that we may replace the three capacitors in parallel with a single capacitor having 
value 10 3 +2x10 3 +4x10 3 =7 mF. 


(a) 

(b) 

(c) 

(d) 


a>= 4n rad/s. Y = /'4nC =j 87.96 mS 


a>=400n rad/s. Y = /400 tiC = y'8.796 S 
co= 4kx10 3 rad/s. Y =y 47 ixl 0 3 C =1/879.6 S 


® = 4ttx10 11 rad/s. Y =y 47 ix 10 1 : C = 78 .796x 10 9 S 
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54. 



(c) 


Z= 1 + ylOO Q, so Y = 


1 


1 + ylOO 1+100 


1 y ' 00 =G + /B , where 


B = -9.999 mS. 
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2H —> j2, IF —> -j\ Let \ = Z0° A 
.■.V L =j2V.-I c =I in + 0.5V L =l + jl 
.■.V in =j2 + (l + jl)(-jl) = l + jl 

1 ~ J - = 0.5-J0.5 


••• V., = 


1Z0° 


1 


V„, 

Now 0.5 S 


i+yi i-y'i 


20 


1 


-y'0.5 S=-> 

j 2 


2 H 
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(a) 


(b) 

(c) 


CO = 500, Z inRLC = 5 + jl 0 - jl = 5 + j9 
1 


Y, 


inRLC 


5 + j9 106 


5-/9 9 

J :.Y = — = 500C 


106 



co = 1000 rad/s .'. 

Z s =5 + j2 — y5 = 5 — y3 = 5.831Z-30.96° Q 
and Z c = -y'58.89 Q. 

Thus, 


1 1 


v -— + — = 0.1808Z35.58° S 

in,ab rj rj 

^S 


= 147.1 + j 105.2 mS 
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(a) 


(b) 


R,„ =550Q: Z. = 500 + - 


7'0.1co 


100 + y'O.OOlco 


_ 50,000 + y0.6co^ lOO-7'O.OOlco 
“ ~~ 100 + yO.OOlco X lOO-7'O.OOlco 
5xl0 6 + 0.0006co 2 +7'(60 co-50co) 


.-. Z..„ = 


R.„ = 


10 4 + 10 °co 


6 2 


5xlQ 6 +0.006CO 2 
10 4 +10 6 oo 2 


= 550 .". 5.5xl0 6 


+ 5.5x10 4 co 2 =5xl0 6 xl0 4 co 2 
.-.0.5x10 4 co 2 =0.5xl0 6 , co 2 =10 10 , co = 

lOco 


10 s rad/s 


X„. =500 = 


= 0.5x10° + 0.5x10~ 4 co 2 - lOco 


10 4 + 10”°co 2 


= 0, co 2 -2xl0 5 co+10 10 = 0 

2x10 5 +V4x10 1 o -4x10 


10 


co = 


= io 5 .-. co = 


10rad/s 


(c) 


(d) 


(i -1.8x10 : Y - 


100 + 7'O.OOlco 50,000-7'0.6co 


50,000 + 7O.600 50,000 -70.6(0 


5x10° +6x10 4 co 2 + 7’(50 co-6co) 


.-. 1.8x10 = 


25xl0 8 +0.36co 2 
5xl0 6 +6xl0 4 co 2 


25x10 + 0.36co 

-4 2 t Cw ia6 


6 2 


,-.5xl0 6 +6xl0 4 co 2 = 4.5x10°+648x10 °co 
.-. 0.5x10° =48x10 6 co 2 .-.co = 


102.06 krad/s 


B. =1.5x10 4 = 


-lOco 


25xl0 8 + 0.36co 2 
.-.10co = 37.5xl0 4 + 54xl0 °co 2 
.-. 54xl0~°co 2 -10co + 37.5xl0 4 = 0, 
VlOO-81 


co = 10±- 


108xl0~ 


52.23 and 133.95krad/s 
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(a) 


v.-A- 


0.1Z30 C 


Yj (3 + 74)10- 


= 20Z-23.13°.\ |Vj| = 


20 V 


(b) 


V 2 =V I /. V 2 =20V 


(c) I 2 =Y 2 V 2 = (5 + 7'2)10 -3 x 20Z-23.13° = 0.10770Z-1.3286° A 
I 3 = Ij +1 2 = 0.1Z30° + 0.10770Z -1.3286° = 0.2Z13.740 0 A 


,v.=i = 


0.2Z13.740 


Y 3 (2-74)10 


3 =44.72Z77.18° V.-. |V 3 1=| 44.72V 


(d) 


V m = v t + V 3 + 20Z - 23.13° + 44.72Z77.18° = 45.60Z51.62° 




45.60V 
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(a) 


50//F —» -j'20Q .'. Y in =0.1 + y'0.05 


Y, = ■ 


1 n 1000 


1 


R i-y 


.1000 


C 0.1 + y'0.05 


= 8-74 


C 


1 


.'. Rj =8Q and Cj = — = 250//F 
4 co 


(b) 


co - 2000: 50//F —> -ylOQ Y (> , =0.1 + y0.1 = 


Ri-J 


500 

C, 


,500 


R, - j — = 5 - j 5 .-. R, = 5Q, Cj =[ 100// F 
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60. 

(a) + = 

jco jco 


jco 10 -jco 
10 + jco* 10-jco 



CD 

Gin 

Bin 

0 

0 

0 

1 

0.0099 

0.0099 

2 

0.0385 

0.1923 

5 

0.2 

0.4 

10 

0.5 

0.5 

20 

0.8 

0.4 

OO 

1 

0 
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61. As in any true design problem , there is m ore than one possible solution. Model answers 
f ollow: 

(a) Y = 1 —jA S at a> = 1 rad/s. 

Construct this using a 1 S conductance in parallel with an indue tance L such that 1/ coL 
= 4, or L = 250 mH. 


(b) 
1/ 

H 

(c) 

mF. 


Y = 200 m S (purely real at a> = 1 rad/s). This can be constructed using a 200 mS 
conductance (R = 5 Q), in pa rallel with an ind uctor L and capacitor C such th at coC - 
a>L = 0. Arbitrarily selecting L = 1 H, we find that C = 1 F. 


One solution therefore is a 5 Q resistor in parallel with a 1 F capacitor in parallel with a 1 
inductor. 


Y = 7Z80° pS = G + JB at co= 100 rad/s. G = Re{ Y} = 7cos80° = 1.216 S (an 822.7 
mO resistor). B = Im {Y} = 7sin8 0° = 6.894 S. W e m ay rea lize th is suscep tance by 
placing a capacito r C in parallel with the resis tor such th at jcoC = y'6.894, or C = 68.94 


One solution therefore is an 822.7 mfl resistor in parallel with a 68.94 mF 


(d) The simplest solution is a single conductance G = 200 mS (a 5 Q resistor) 
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62. As in any true design problem , there is m ore than one possible solution. Model answers 
f ollow: 

(a) Y = 1 -jA pS at co = 30 rad/s. 


Construct this using a 1 pS conductance (a 1 T Q resistor) in parall el with an inductor L 
such that -j4x 10“ 12 = -j/coL, or L = 8.333 GH. 


(b) We may realise a pu rely real admittance of 5 pS by pla cing a 5 pS conductance (a 
200 kQ resistor) in parallel with a capa citor C and inducta nee L such that coC - 1/ coL = 

0. Arbitrarily selecting a value of L = 2 H, we find a value of C = 1.594 pF. 


1.594 


One possible solution, then, is a 20 0 kQ resistor in parallel w ith a 2 H inductor and a 
pF capacitor. 


(c) Y = 4Z-10° nS = G + jB at co= 50 rad/s. G = Re{ Y} = 4xl0“ 9 cos(-10°) = 3.939 nS 
(an 253.9 MQ resistor). B = Im{Y} = 4xl0~ 9 sin(-10°) = -6.946 x 10 10 S. We may realize 
this susceptance by placing an inductor L in parallel with the resistor such that -j/coL = 
-y6.946xl0^ 10 , or L = 28.78 pH. 


One possible solution, then, is a 253.9 MQ resistor in parallel with a 28.78 pH inductor. 


(d) 


The simplest possible solution is a 60 nS resistor (a 16.67 MQ resistor). 
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63. 


~]i = T + ~P 5 = 5V, + ;3V, - J3V, - ]5\ , + ,5 V 2 

3 -J$ J 3 

(5 - j2) Vj + j’ 2V 2 = -j'75 (1) 


,/3 -,/5 6 

-y'10V 2 + ylOVj + y6V 2 ~/6V, +5V, =300 .'. _/4V, + (5 - /4) V 2 = 300 ( 2 ) 


5-72 

-775 


74 

300 

_ 1500-y'600-300 

5-72 

72 

17 — y’30 + 8 

74 

5-74 



1200-y600 
25 -y’30 


34.36Z23.63°V 
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64. 

j3l B -j5(I B -I D ) = 0.\-2l B +J5l D =0 
3(I d +j5)-j5(I D -I b ) + 6 (I d +10) = 0 
:.j5l B + (9-j5)l D =-60-j\5 



0 j 5 

-60-715 9-/5 

-75 + 7'300 

B 


-y' 2 j 5 

,/5 9-75 

15-J18 

- 13.198Z154.23 0 A 
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v sl = 20cosl000r V,v s2 =20 sin 10007 V 
V sl = 20Z0° V, V s2 = -j’20V 
0.01H —» ylOQ, O.lmF —» -ylOQ 
. v,-20 , , v x + j20 


- + - 


jlO 25 -jlO 
V v =25(2- jZ) = 70.71Z - 45° V 


= 0, 0.04v x + y'2-2 = 0, 


v x (t) = 70.7 lcos(l 0007-45°) V 


10 March 2006 
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(a) 


Assume V 3 = IV.'. V 2 =1 - /0.5V, I 2 = 1 - y'0.5 mA 

••• V t = 1 - j0.5 + (2 - y 0.5) (-;0.5) = 0.75 - j\ ,5 V 

.-. i! = 0 . 75 - 71 .5mA, .-. I. n = 0 . 75 - 71.5 + 2 - 70.5 = 2.75- 72 mA 

••• X, = 0.75 - 71 .5 - 71 .5 + (2.75 - jl) (- 7 O. 5 ) 


= -0.25-72.875 V.'.V 3 


100 

- 70 . 25 - 72.875 


34.65V94.97°V 


(b) 


- 7 O .5 —> -jx Assume V 3 = V .'. I 3 = 1A, 

V 2 = 1-yX, I 2 = 1 - 7 X, -+1 12 = 2 - 7 X 

••• V, = 1 - 7 X + (2 - JX) (- 7 X) = 1 - X 2 - 7 ‘ 3 X, I, = 1 - X 2 

.-. y in = 1 - X 2 - 7 ' 3 X - 4X 2 + 7 X 3 - 7 ' 3 X = 1 - 5X 2 + 7 r (X 3 


.'. X 2 = 6, X = V6, Z c = -72.449kQ 


-7'3X, I,„: 
-6X).‘.X 3 


10 March 2006 


= 3 - X 2 - 7'4X 
-6X = 0 
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67. Define three clockwise mesh currents i\, h, h with i\ in the left mesh, h in the top right 
m esh, and h in the bottom right mesh. 


Mesh 1: -10Z0° + (1 + 1 -y0.25)Ii -1 2 - (-j'0.25)I 3 = 0 
Mesh 2: - Ii + (1 + 1 + y4)I 2 -1 3 = 0 


Mesh 3: (-yO.25 + 1 + 1)I 3 -1 2 - (-y0.25Ii) = 0 


2-70.25 -1 10 

-1 2 + jA 0 

70.25 -1 0 

2-/0.25 / 0.25 

-1 2 + 74 -1 

70.25 -1 2-70.25 


_10(1 + 1-70.5)_ 

70.25 (2- 70 . 5 )+ (-2 + >0.25 + y0.25) + (2 — y0.25) (4 +1 — yO.5 + 78 -1) 


20-75 
8 + 745 


4 (0 = 1-2127 cos (1007- 75.96°) A 
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V, -10 -y0.25V, + /0.25V r + V, -V 2 =0 

(2-y'0.25) Vj - V 2 +y0.25 V v = 10 

V 2 - V[ + V 2 - V v + 7’4V 2 = 0 

-Y 1 +(2 + 74)V 2 -Y v = 0 

-y’0.25V r + yO.25Vj + V v + V r - V, 

.'. j0.25Vj - V 2 + (2 - 7 0.25) V x = 0 

2-j‘0.25 -1 10 

-1 2+74 0 

70.25 -1 0 

V =--- 

’ -jO.25 -1 70.25 

-1 2 + J4 -1 

70.25 -1 2-70.25 

__ 10(1 + 1-70.5) _ 

~ 70 . 25 ( 2 - 70 . 5 ) + (-2 + 7 O .25 + 7'0.25) + (2-7'0.25)(4 + 1 - 7 O .5 + 78 -1) 

= 20 ~ 75 = 1.2127Z -75.96° V 
8 + 7 I 5 

:.V X = 1.2127 cos(100r-75.96°)V 
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69. 

(a) 


R,=°°, R 0 = o, a = -V 0 / y.» o 

Vi+AV, 


1 = 


R, 


= (V s -V, ) 


:.V i (l + A + jcoC l R f ) = jcoC l R f V s 


V 


y o = -AV,..'. (1 + A + jco C 1 R / ) = jco C,RyV s 


Yo 

V 


jco CjR f A 


1 +A + ytyCjR. 


V 

As A —^ go, ——y —jco CjR y 


(b) 


R / C / = 


R, 


7®C,+— 1 + > C / R , 


R / 


r v + av ) 

I = (1 + jco CyRy) = (V, - V, )jcoC l , V 0 = -AV, 

R y 

V,. (1 + A) (1 + jco Cy Ry ) = VJco C t Ry - jco CjRy Y, 

V, [(1 + A) (1 + jco CyRy ) + jco CjRy ] = jco CjRy V, 

V 


- -f [(1 + A) (1 + jco CyRy ) + jco CjRy ] = j co C,RyV s 

_ A ___ 


V„ 


-jco CjR f A 


V s (1 + A) (1 + jco C fR y) + jco C,R y 


As A — » oo, 


y o ) ->C 1 R 

V^1 + >C,F 


10 March 2006 
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70. Define the nodal voltage vi(t) at the junction between the two dependent sources. 

The voltage source may be replaced by a 3Z-3° V source, the 600-pF capacitor by a 
-jl 0.6 Q impedance, the 500-pF capacitor by a -j2 Q impedance, and the inductor by a 
/2 Q impedance. 


5V 2 + 3V 2 


V,-3Z-3° | (V 1 -V 2 ) 
100 - y / 0.6 - /2 L J 


-5V 2 = 


(V2-V1) 

-n 



[ 2 ] 


Solving, we find that V 2 = 9.81 A - 13.36° 111 V. 

Converting back to the time domain, 

v 2 (t) = 9.81 cos (10 3 t- 13.36°) mV 
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71. Define three clockwise mesh currents: i\(t) in the left-most mesh, hit) in the bottom right 

m esh, and hit) in the top right mesh. The 15-pF capacitor is replaced with a -jl 0.15 Q 
impedance, the inductor is replaced by a /20 Q impedance, the 74 pF capacitor is 
replaced by a —j 1.351 Q impedance, the current source is replaced by a 2Z0° mA source, 
and the voltage source is replaced with a 5Z0° V source. 

Around the 1, 2 supermesh: (1 + y'20) Ii + (13 — 7 1.351) I2- 5 I3 = 0 
and 

-I1 + I2 = 2x1 O ' 3 

Mesh 3: 5 Z0° - 5 I 2 + (5-y6.667) I 3 = 0 

Solving, we find that Ii = 148.OZ 179.6° mA. Converting to the time domain, 

hit) = 148.0cos (10 4 t+ 179.6°) pA 

Thus, Pm = [/'i(l ms )] 2 • 1 

(16.15x10 _3 )( 1) W = 


16.15 mW. 
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72. We define an additional clockwise mesh current k(t) flowing in the upper right-hand 
mesh. The inductor is replaced by ay'0.004 Q impedance, the 750 pF capacitor is 
replaced by a -jl 0.0015 Q impedance, and the 1000 pF capacitor is replaced by a -jl 2 
Q impedance. We replace the left voltage source with a a 6 Z -13° V source, and the 
right voltage source with a 6 Z 0° V source. 

(1 -jl 0.0015) Ii+y/0.0015I 2 -1 3 =6Z-13°[1] 

(0.005 + jl 0.0015) Ii + (/0.004 -y/0.0015) I 2 - y'0.004 I 4 = 0 [2] 

-Ii + (1 —y'500) I 3 + y'500 I 4 = -6 Z 0° [3] 

-y'0.004 I 2 + y'500I 3 + (/0.004 -y‘500) I 4 = 0 [4] 

Solving, we find that 

h = 2.002Z -6.613° mA, I 2 = 2.038 Z -6.500° mA, and I 3 = 5.998 Z 179.8° A. 

Converting to the time domain, 

h(t) = 1.44 cos (2t - 6.613°) mA 
h{t) = 2.038 cos (2 1 - 6.500°) mA 
hit) = 5.998 cos (It + 179.8°) A 
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73. We replace the voltage source with a 115V2 Z0° V source, the capacitor with a 
-j! 2/zC| Q impedance, and the inductor with a /0.03142 Q impedance. 

Defi ne Z such that Z ’ 1 = 2;zCi - y/0.03142 + 1/20 

By voltage division, we can write that 6.014 Z85.76 0 = 115y/2 - 

Z + 20 


Thus, Z = 0.7411 Z 87.88° Q. This allows us to solve for Ci: 
27iC\ - 1/0.03142 = -1.348 so that Ci = 4.85 F. 
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Defining a clockwise mesh current i\(t), we replace the voltage source with a 
115V2 Z0° V source, the inductor with a /2 tzL Q impedance, and the capacitor with a 
- 3 / 1 .592 Q impedance. 


Ohm’s law then yields I = 


115V2 


20 + j(2nL- 1.592) 


= 8.132Z0 0 


Thus, 20 = 1 / 2 O 2 + (2xL -1.592)“ and we find that L = 253.4 mH. 
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75. (a) By nodal analysis: 

0 = (V,*-— 1)/ R s + yj R b + r „+jaC„\„ + (V,- V out )jaC M [1] 

"gmV K = (Vout-V,)y®C, + Vout/ Rc +Vout/ Rl [2] 

Simplify and collect terms: 

V, - jo c„ v out = 7- [1] 


rr i 

1 

o 

. /_ _ \ 

—+— 

+ — 

+ j coy C + C ) 

_V R s 

Rb 

r J 

J \ n ji / 


("gm + j('£u) V, T - (/rilC„ + 1/R C + 1 /Rl) Vout - 0 


[ 2 ] 


Defi 


Then 


1111 ' 

ne — T = — + -^ + — and R L = Rc || Rl 


R c Rs R 


B n 


A = —+ ® J (2Cj + C,cJ-;o 




R s R l 


g,„ C v+- 


C.. + C, c, 

f i 


V 


r l r s y 


And 


Vout = 


g m R s -jaC M /R s 


-1 


T + 


Rs Rl 


® 2 (2C^+C „C„)-jo, 


c +c c 

g m + ^ 

Rl Rs y 
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76. 

OC:-—+ 100 ~ V * -0.02V = 0 
20 -/10 

jlO = (0.05+ y‘0.1 + 0.02) V x , V v = 


Jio 


0.07 + y‘0.1 

.'. V x = 67.11 + y‘46.98 

\ b ,oc = 100 - V x = 32.89 - y‘46.98 ^ 57.35Z-55.01 0 V 


SC:V v =100.'.^ I sc =0.02x100 + 


100 

20 


= 7A 


••• z,„ = 


57.35Z-55.01 C 


4.698-y‘6.711Q 


10 March 2006 
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77. 


Let \n = 1Z0 ' TheI1 V L = j 2(jA in = J 2(0 0 - 5V I = j® 

=(l + 7«) — + 7'2« 

JO) 

, 1 

— 1H-b / 

JCO 

■■•Z,,=^ = l + —+ y2® so 

1 JO) 

Atco = l, Z in =\-j\ + j2 = \ + j 


v — 

CO 

V| " a> +j 

lea 2 -t) 


1 


0 . 5 - 70.5 


R = 1/0.5 = 2 Q and L = 1/0.5 = 2H. 


10 March 2006 
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78. 

,, (l-y'l)l 2 + j\ 3-yl 

(a) V :-—^——x -— = —.'. V. = 

2-jl 2 + ./1 5 


-15 


y2 + 0.6-y0.2 


x 0.6 — j 0.2 


.'. V, = 5Z90° .' 


Vj (t) = 5 cos (10007 + 90°) Y 


(b) I 


so 


j 2 111 = -—— = 0.8 + y'0.4.'. V, 

11 \ + j2l-j2 

= J25 Q - 8 + 7 '°- 4 = ~ 10 + 7 ' 20 = 11.785 + Z135° V 

l-yl + 0.8 + y’0.4 1.8 -j 0.6 


vtff) = 11.79 cos (10007+135°) V. 


10 March 2006 
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79. 

OC:V i =0.-.V fl6oc =lZ0°V 

SC:il N V L = y'2I v 1Z0° = -jl[0.25 (j2l N ) + 1^]+ /2I, 
1 = (0.5 — j + j2)I N = (0.5 + jX) 1^ 

.-. I, =—-— = O. 4 - 7 O .8 .’. Y n = —— = 0.4-y0.8 
N 0.5+ 7 I N 1 Z 0 ° 

Ln ~ 08 



10 March 2006 
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80. To solve this problem , we e mploy superposition in order to separate sources having 
different frequencies. First cons idering the sources operating at w = 200 rad/s, we open- 
circuit the 100 rad/s current source. This leads to V, = (j)(2Z0 ) =]2 V. Therefore, v' L (t) 
= 2cos(200t + 90°) V. For the 100 rad/s source, we find 

y; = |(lZ0), v; =0.5 cos (loot + 90°) V 

•• v, (t) = 2 cos (200t + 90°) + 0.5 cos (1007 + 90°) V 
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81. 


Use superposition. Left: V ab = 100 — 
= -50Z0 0 V Right: V ab = j\ 00 


yioo 


ylOO-7'300 
-7300 


-7'300 + 7 100 


= 7150 V 


V„, =-50 + 7150 = 158.11Z108.43°V 


Z rt =7100 -7300 = 


30,000 

-7200 


7'150Q 
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82. This problem is easily solved if we first perform two source transformations to yield a 
circuit containing only voltage sources and impedances: 


Then 



5Z17° + 0.240Z-90 0 - 2.92QZ-45 0 
73 + 10 + y'13-y4 

= (4.264Z 50.42°)/(83.49 Z 6.189°) = 51.07 Z 44.23 inA 


Converting back to the time domain, we find that 
i(t) = 51.07 cos (10 3 ? + 43.23°) mA 
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83. 



(a) There are a number of possible approaches: Thevenizing everything to the left of the 
capacitor is one of them. 


Vth = 6(/2)/ (5 + /2) = 2.228 Z 68.2° V 
Z XH = 5 ||y2 = j\ 0/ (5 +j2) = 1.857 Z 68.2° Q 


(b) 


Then, by simple voltage division, we find that 

• / o 

V c = (2.228 Z 68.2°)-^- 

1.857Z68.2 0 - j/3 + jl 

= 88.21 Z-107.1 0 mV 


Converting back to the time domain. 


v c (0 = 88.21 cos (t- 107.1°) mV. 


PSpice verification. 



Running an ac sweep at the 
frequency/= \!2n= 0.1592 Hz, 
we obtain a phasor magnitude of 
88.23 mV, and a phasor angle of 
-107.1°, in agreement with our 
calculated result (the slight 
disagreement is a combination 
of round-off error in the hand 
calculations and the rounding 
due to expressing 1 rad/s in Hz. 


-3 

* C:\My Documents\HKD-6th Edition\SOLUTIONS MANUAL\Chapter 10\P10.73b.sch 

**** AC ANALYSIS TEMPERATURE = 27.000 DEG C 

****************************************************************************** 

FREQ VM($N_0002,$N_0003)VP($N_0002,$N_0003) 

1.592E-01 8.823E-02 -1.071E+02 

JOB CONCLUDED 

TOTAL JOB TIME .06 

□ 

Lyj_ 

§| PI0.73b [ac... ||]P10.73b[acl...| 
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84. (a) Performing nodal analysis on the circuit, 

Node 1: 1 = Vi/ 5 + Vj/ {-j 10) + (Vi - V 2 )/ ( : /5) + (V! - V 2 )/ j 10 

Node 2: y0.5 = V 2 /10 + (V 2 - Vi)/ (-j5) + (V 2 - Vi)/jlO [2] 

Simplifying and collecting terms, 

(0.2+j0.2) Vi-jO.l V 2 = 1 [1] 

-j V, + (1 +j) V 2 =J5 [2] 


Solving, we find that V 2 = V T h = 


5.423 Z 40.60° V 


Z TH = 10 || [(/10 || -j 5) + (5 || -/10)] = 10 || (-j 10 + 4 -J2) = 


5.882 -j 3.529 Q. 


[ 1 ] 


C2 



ACPHASE=-90 

ACMAG=0.5A 


ACPHASE=40.60 

ACMAO=5.423 



R3 


■Wr 

5.882 


C3 


^ - 

2.834m F 


50 mH 




AC=yes 

MAO=yes 

PHASE=yes 


FREQ 

VM($N 0002,0) 

VP($N 0002,0) 

1.592E + 01 

4 . 474E + 00 

1.165E+02 

FREQ 

VM($N_0005,0) 

VP($N_0005,0) 

1.592E + 01 

4 . 473E + 00 

1.165E+02 
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85. Consider the circuit below: 



Using voltage division, we may write: 


Vout 


1/ jcoC 
R + 1/ jcoC ’ 



1 

1 + j co RC 


The magnitude of this ratio (consider, for example, an input with unity magnitude and 
zero phase) is 


V 0ut 

1 

V in 

Vl + {coRC) 2 


As co —> 0, this magnitude —» 1, its maximum value. 

As co —> oo, this magnitude —> 0; the capacitor is acting as a short circuit to the ac signal. 

Thus, low frequency signals are transferred from the input to the output relatively 
unaffected by this circuit, but high frequency signals are attenuated, or “filtered out.” 
This is readily apparent if we plot the magnitude as a function of frequency (assuming R 
= 1 Q and C = 1 F for convenience): 
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86. Consider the circuit below: 



Using voltage division, we may write: 

- V„, _« or ^ 

R + M jcoC V in 1 + jeoRC 

The magnitude of this ratio (consider, for example, an input with unity magnitude and 
zero phase) is 


V 0ut 

coRC 

V in 

^1 + {coRCf 


As co —> oo, this magnitude —» 1, its maximum value. 

As co—>0, this magnitude —> 0; the capacitor is acting as an open circuit to the ac signal. 

Thus, high frequency signals are transferred from the input to the output relatively 
unaffected by this circuit, but low frequency signals are attenuated, or “filtered out.” 
This is readily apparent if we plot the magnitude as a function of frequency (assuming R 
= 1 Q and C = 1 F for convenience): 
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87. (a) Removing the capacitor temporarily, we easily find the Thevenin equivalent: 

Vth = (405/505) V s and R th = 100 || (330 + 75) = 80.2 Q 



(b) 

V = 

T out 

and 

hence 

(c) 



405 

505 

Vs 

v out 


v s 



1 IjcoC 

- so 

80.2 + l/j<yC 

0.802 

Vl +6.41 1x10 24 a) 



2 



405 

505 


1 


1 + y'2.532 xlO l2 a) 


Both the MATLAB plot of the 
frequency response and the PSpice 
simulation show essentially the 
same behavior; at a frequency of 
approximately 20 MHz, there is a 
sharp roll-off in the transfer 
function magnitude. 
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88. From the derivation, we see that 


so 


"Sm(®-c II ®-l) + 7®( R c II 

1 + 7«(R c ||R l )C„ 


that 


i/ 


gn 


R C R L 

V R c + R l7 


+ CO 


R c R l 

V R c + R l J 


1 + CO 


R c R l 

V R c + R l7 


This function has a maximum value of g m (Rc 11 Rl) at co= 0. Thus, the capacitors reduce 
the gain at high frequencies; this is the frequency regime at which they begin to act as 
short circuits. Therefore, the maximum gain is obtained at frequencies at which the 
capacitors may be treated as open circuits. If we do this, we may analyze the circuit 
of Fig. 10.25b without the capacitors, which leads to 


v out 


r r c r l ) 

(cII r b) . 

r r c r l ^ 

hr R B 

V s 

‘gm 

low frequency 

, R c+ R l, 

R S +r J R B 

, R c+ R l, 

R s(C+ R b) + C R b 


The resistor network comprised of r n , Rs, and Rb acts as a voltage divider, leading to a 
reduction in the gain of the amplifier. In the situation where r K \ | R B » Rs, then it has 
minimal effect and the gain will equal its “maximum” value of-g m (Rc || Rl). 


(b) If we set R s = 100 Q, Rl = 8 Q, Rc 


10 kO and r n g n 
R d 


300, then we find that 


^ = -g m (7.994) r »" - 

V s 5m 100 + rJ|R B 


We seek to maximize this term within the stated constraints. This requires a large value 
of g m , but also a large value of r^ || R B . This parallel combination will be less than the 
smaller of the two terms, so even if we allow R B —» oo, we are left with 


-(7.994) 


2 r 

Om n 


100 + r 


-2398 
100 + r 


Considering this simpler expression, it is clear that if we select r K to be small, (i.e. 
r n « 100), then g m will be large and the gain will have a maximum value of 
approxim ately -23.9 8. 


(c) Referring to our original expression in which the gain V out / Vi n was computed, we 
see that the critical frequency coc = [(Rc 11 Rl) CJ' 1 . Our selection of maximum Rc, 
R b -a oo, and r„ « 100 has not affected this frequency. 
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89. Considering the co= 2xl0 4 rad/ s source first, we make the following replacements: 
100 cos (2xl0 4 t + 3°) V —>• 100 Z3°V 

33 pF —» -y'1.515 Q 112 pH —>y'2.24 Q 92 pF —» -j0.5435 Q 

Then 

(V 1 '-100Z3 o )/47xl0 3 + V 1 7(-7T.515) + (Vr-V 2 ')/(56xl0 3 + 74.48) = 0 [1] 

(V 2 ' - Vi')/ (56xl0 3 + ;4.48) + V 2 V (-70.5435) = 0 [2] 

Solving, we find that 

VC = 3.223 Z-87°mV and V 2 ' = 31.28 Z-177° nV 
Thus, vi (t) = 3.223 cos (2xl0 4 t- 87°) mV and v 2 \t) = 31.28 cos(2xl0 4 t- 177°) nV 
Considering the effects of the co= 2xl0 5 rad/ s source next, 

100 cos (2xl0 5 t - 3°) V —» 100 Z-3°V 

33 pF -> -70.1515 Q 112 pH -»722.4 Q 92 pF -70.05435 Q 

Then 

Vi"/ -70.1515 +(Vi M -V 2 M )/(56xl0 3 +744.8) = 0 [3] 

(V 2 " - Vi")/ (56xl0 3 + 744.8) + (V 2 " - 100 Z 3°)/ 47xl0 3 + V 2 7 (-70.05435) = 0 [4] 
Solving, we find that 

Vi" = 312.8 Z 177° pV andV 2 M = 115.7 Z -93° pV 

Thus, 

vi"(0 = 312.8 cos (2x10 5 t + 177°) pV and v 2 "(0 = 115.7 cos(2xl0 5 t- 93°) pV 
Adding, we find 

vi(f) = 3.223xl0‘ 3 cos (2xl0 4 t- 87°) + 312.8xl0‘ 12 cos (2xl0 5 t + 177°) V and 
v 2 (0 = 31.28x1 O’ 9 cos(2xl0 4 t- 177°) + 115.7x1 O’ 12 cos(2xl0 5 t- 93°) V 
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90. For the source operating at a> = 4 rad/s, 

7 cos At -» 7Z 0° V, 1 H -» jA Q, 500 mF —> -j0.5 Q, 3 H -» j 12 Q, and 2 F —> -j! 8 Q. 


Then by mesh analysis, (define 4 clockwise mesh currents Ii, I 2 , 13,14 in the top left, top 
right, bottom left and bottom right meshes, respectively): 


(9.5 + jA) I, —jA I 2 - 7 I 3 - 4 I 4 =0 [1] 

:/4 I, + (3 +/3.5) l 2 -3I 4 = -7 [2] 

-7Ii+ (12 -j! 8 ) I 3 + j! 8 I 4 =0 [3] 

-3 I 2 + j! 8 I 3 + (4 + yl 1.875) I 4 = 0 [4] 


Solving, we find that I 3 = 365.3 Z -166.1° mA and I4 = 330.97 Z 72.66° mA. 


For the source operating at co= 2 rad/s, 

5.5 cos 2 1 —> 5.5Z 0° V, 1 H -» j2 Q, 500 mF -> -7 Q, 3 H -> j6 Q, and 2 F —> -// 4 Q. 


Then by mesh analysis, (define 4 clockwise mesh currents Ia, Ib, Ic, Id in the top left, top 
right, bottom left and bottom right meshes, respectively): 


(9.5 + /2) I A —j2 I b -7I c -4I d = 0 [1] 

:/2 I A + (3 +y) I B - 3 I D = -7 [ 2 ] 

-7I a + (12 —jl 4) I c + jl 4 I D = 0 [3] 

-3 I 2 + j / 4 Ic + (4 +75.75) I D = 0 [4] 


Solving, we find that Ic = 783.8 Z -4.427° mA and Id = 134 Z -25.93° mA. 


Vf = -y'0.25 (I 3 -I4) = 0.1517Z131.7 0 Y and Vi" = -y0.25(I c - I D ) = 0.1652Z-90.17 0 Y 

\ 2 ’ = (1 + 76 ) I 4 = 2.013Z155.2 0 V and V 2 " = (1 + 76 ) I D = 0.8151Z54.61 0 V 

Converting back to the time domain, 

Vi(0 = 0.1517 cos (At+ 131.7°) + 0.1652 cos (2t - 90.17°) V 
v 2 (t) = 2.013 cos (At+ 155.2°) + 0.8151 cos (21+54,61°) V 
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91. 

(a) 


h = 


100 


7 2.5 + 


-2 

2 Tn 


100(2-71) 
2.5 + 73 


57.26Z-76.76° (2.29/«) 
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92. 

(a) 


(b) 




(c) I — I t +1 2 +1 3 

= 6.265Z-22.14°A 
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93. 


|Ij| = 5A, |I 2 | = 7A 

Ij +I 2 = 10Z0°, I, lags V,I 2 leads V 
Ij lags I 2 . Use 2.5A /in 
[Analytically: 5Za + 7Z/? = 10 
= 5 cos a + j5 sin a + 7 cos /? + jl sin /? 
.'. sina = -1.4sin p 

5^1-1 -4 2 sin 2 p + lyj\-\ sin 2 fi = 10 


By SOLVE, a = -40.54° /? = 27.66°] 
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94. V! = 100Z0° V, |V 2 | = 140 V, |Vi + V 2 | = 120 V. 

Let 50 V = 1 inch. From the sketch, f or ZV? positive. 


V 2 = 14QZ122.5 0 . We may also have V 2 = 140Z-122.5° V 


[Analytically: 1100 + 140Za| = 120 
so | 100 + 140 cos a+j\A0 sin a | = 120 
Using the “Solve” routine of a scientific calculator, 
a = ±122.88°.] 
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1 . 

z = 


10 6 


= - 78 OQ, 5 °( ■ / ' 80) = 42.40Z -32.01°Q 


7500x25 5 O- 78 O 

.-. V = 84.80Z-32.01 0 V, I* = 1.696Z-32.01°A 
I, = 1.0600Z57.99 0 A 


p s (tt/ 2ms) = 84.80cos(45°-32.01°)2cos45° = |ll6.85W 
p R = 50x 1.696 2 cos 2 (45 o -32.01°)4 136.55W 


p c = 84.80cos(45° - 32.01°) = 1.060cos(45° + 57.99°) = 


-19.69 W 
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2 . 

(a) 


(b) 


4H: i = 21 2 - 1v = Li' = 4(4 1) = 16 t,w L =- Li 2 = - x 4(4r 4 -4 1 2 +1) 
.'. w, = 8r 4 - 8r 2 + 2 .'. (3) - vv £ (1) = 8 x 3 4 - 8 x 3 2 + 2 - 8 x 1 + 8 x 1 - 2 = 


0.2 F: v = — 
c 0.2 


— f'(27 2 -l) dt+ 2 = 5 

i 9 Ji 


-t-t 


+ 2 = 5 




-f -t 


-5 




.'. v (2) = — x8-10- —+ 5 + 2 = — V .'. P (2) = — x7 
3 3 3 3 


142.33 W 
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A 

+ 2 
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3. v c (0) = -2V, /(0) = 4A, a = A = 2, = 3, = -2± 1 = -1,-3 

(a) i = he' + Be 2 ' A + B = 4; z(0 + ) = A v L (0 + ) =(-4 x 4 x +2) = -14 

.'. -A - 38 = -14.'. B = 5, A = -1, * =-e“'+ 5e“ 3 'A 
+v = 3 f'(-e ' + 5A 3 ' )dt- 2 = 3 (- 5 A 3 ') ' ■- 2 = e~‘ - 3 - 5A 3 ' +5-2 

Jo 



.'. v c = 3e ' -5e 

(b) 

P f (0.2) = (3 A 0 ' 2 

(c) 

P c (0.4) = (3e~° A 
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4. We assume the circuit has already reached sinusoidal steady state by t = 0. 
2.5 kQ —> 2.5 kQ, 1 H —»y'1000 Q, 4 jaF -> -y'250 Q, 10 kQ —> 10 kQ 

Z eq = jl000 II -y'250 || 10000 = 11.10-/333.0 Q 


V ca = (20Z30)(11.10-y333.0) =2631z _ 5054 „ y 


2500 + 11.10-/333.0 


llOk 


*4 pF 


eq 


10000 


= 0.2631 Z-50.54° mA 


Ii 


eq 


Thus, 


-y250 


= 10.52 Z39.46°mA V 2 . 


5k : 


eq = 2.631 Z-140.5° mA 

= 19.74Z37.55 0 V 


y '1000 
(20Z30)(2500) 


2500 + 11.10-y'333.0 


P 2 


5k : 


[l9.74cos37.55 0 ] 2 
2500 


97.97 mW 


Pih= [2.631cos(-50.54)°J[2.631x10- 3 cos(-140.5°)] = 


■ 3.395 mW 


P 4qF = [2.63 lcos(-50.54° )][l0.52xl0' 3 cos(39.46°)] = 

P 2 .5k 


13.58 mW 


[2.63lcos(-50.54°)] 2 
10000 


279.6 //W 



FREQ IM(V PRINT 1) 

IP(V PRINT 1) 

FREQ VM(L,0) 

VP(L,0) 

1.592E+02 7.896E-03 

3.755E+01 

1.592E+02 2.629E+00 

-5.054E+01 

FREQ VM(R2_5k,$N_0002)VP(R2_5k,$N 0002) 

FREQ IM(V PRINT 11) IP(V PRINT11) 

1.592E+02 1.974E+01 

3.755E+01 

1.592E+02 1.052E-02 

3.946E+01 

FREQ IM(V PRINT2) 

IP(V PRINT2) 

FREQ IM(V PRINT 12) IP(V PRINT12) 

1.592E+02 2.628E-03 

-1.405E+02 

1.592E+02 2.629E-04 

-5.054E+01 
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5. 


5Z0° A, C —> -/4Q, Z m = 811(3-74) = 


40Z-53.13 0 


H-7‘4 

= 3.417Z -33.15° .'. V s = 17.087Z - 33.15°, 
v s = 17.087 cos(257 -33.15°)V.\ 

P sabs (0.1) = -17.087cos(2.5 rad -33.147°) x 5cos2.5 rad = 
17.087 


-23.51 W 


^8 


8 


-cos(257-33.15°) .'. 


4 (0.1) = 2.136cos(2.5 rad -33.15°) =-0.7338 A 


.•.P 8>afa =0.7338 2 x8 = 
_ 17.087Z -33.15° 
3 “ 3-;4 


4.307 W 


= 3.417Z19.98°A 


.'. 4(0.1) = 3.417cos(2.5 rad +19.98°) = -3.272A .' 


= 3.272 x 3 


32.12 W 


V c = -7'4(3.417Z19.983°) = 13.67Z -70.02°, 
v c (0.1) = 13.670cos(2.5 rad - 70.02°) = 3 .946 V 
Kabc = 3.946 (-3.272) = 1—12.911 w| (X = 0) 
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6 . For t > 0, i(t) = = 8e“ 2 '. 


(a) 

(b) 
00 
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7. 


v(0 = (3)(6000)e ^ 0xl °" 


(a) 

(b) 


p(0 + ) = v 2 (0 + )/R = (18xl0 3 ) 2 / 6000 


x3 —K2 


x3 -3x2 
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8 . (a) p = (30 x 10 3 ) 2 (1.2xl0 -3 ) = 


1.080 MW 


(b) W = (1.080 x10 6 )(150x10" 6 ) 


162 J 
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1 0 + 

— CV . The initial voltage, v(0 ), is therefore 


v(0 + ) = J— = 2 ( 100xlQ ) = V2 V and so v(t) = ^2e^ RC = V. 


C 


100x10 


The instantaneous power dissipated at t = 120 mS is therefore 


p(120 ms) = 


_ v 2 (120 ms) 2e 


R 


1.2 


226 mW 


The energy dissipated over the first second is given by 

Jo R J( 


/RC 


, RC 

-dt =- 

r 2^1 

7 

o 

CN\ 

1 

1 _ 

2 

uJ 

- 


100 mJ 


jo R 

AT = Q/mc, where Q = 100 mJ, c = 0.9 kJ/kg-K, and m = 10 ' kg. 
Thus, the final temperature 

100x10 6 kJ 


= 271.15 +23 + 


(10 3 kG) 0.9 


kJ 


= 271.15 +23 + 0.1111 


kg-K 


294.3 K, representing a temperature increase of 0.1111 K. 
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10. (a) p = (276)(130) = 


358.8 mW 


(b) v{t) = 2.76cosl000t V (given); we need to know the I-V relationship for this 
(nonlinear) device. 
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11 . 


4 + 75(10 j5 ^ =4 + 2.5 + j5 = 6.5 + j5 Q 


.1 = 


10 

100 


= 12.194Z -37.57°A 


6.5 + j 5 

:.? sabs = -^-x 100 x 12.194 cos 37.57° = -483.3 W 
1 


A 4 ,abs 
^cabs 

I.o 

p 

L 10 ,abs 


= j (12.194) 2 4= |297.4W 




100 — = 6.097Z52.43 0 so 


6.5 + j 5 10 
= ^(6.097) 2 x10 = 

P, =@ (2 = 0) 


185.87 W 
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12 . 


v = (10 + jl0) 


40Z30 0 


5Z50° + 8Z-20 C 


■ = 52.44Z69.18 0 V 


1 


L 10 ,gen 


j 10, gen 


1 5Z50abs 


SZ—20abs 
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13. 


Z „ — 3 H-— 3 + 1 + j 3 — 4 + j 3 Cl 

0.1-y0.3 


Ignore 30° on V s , l R = 5 


2 + J5 

6 + 78 



5y/29 

10 


(a) 

(b) 


P 3n 2 


5y/29 

v“l0“y 


X 3 = 


10.875 W 


V = 5Z0° (2 + 75)+ 73) = 13.463Z51.94° V 

6 + 78 


.'. P = —x 13.463 x 5cos 51.94° = 

A ,gtr/7 ^ 


20.75 W 
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14. 


P/io — P-75 ~ P’ 


V.o-50 , V 10 , Vio-y50 _ 0 
,/10 10 -J5 

Vjo ( _ jO. 1 + 0.1 + 7 0.2) + j 5 +10 = 0 
V 10 = 79.06Z16.57 0 V 


L ion 


50 


312.5 W; 


_ 1 79.06 2 
~2 10 
79.06Z161.57°-50 
710 


12.75Z78.69°A 


.-.P 50K =_x 50 x 12.748 cos 78.69° = 


62.50 W 


I750 


79.06Z161.57 0 -y50 


-75 


= 15.811Z - 7.57° : 


1 


? /50 = —x 50x 15.81 lcos(90° + 71.57°) = 


-375.0 W 
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15. 


V.-20 + V^^v 


and 

o = ^+ 


3 

V -V 


-j 2 3 

which simplify to 


[ 1 ] 

[ 2 ] 


5V x -14V c =60 [1] and 

y2V v +(3 - j’2)V c = 0 [2] 


Solving, 

V x =9.233Z-83.88°V and V c = 5.122Z-140.2°V 
P ge „ = lx 9.233 x (2 x 5.122) cos (-83.88° +140.2°) = 


26.22 W 
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16. 


(a) X., = 0 .'. Z £ = R„, + jO 


(b) R l ,X l independent Z L = Z* h = R th - jX 


(c) 

(d) 


(e) 


1 


R l fixed.'. P £ = — 


l v - 


2 (R th +R L y+(X th +X L ) 


2 X R i ■' 


Z L =R L -jX t 


X L fixed, Let X L +X th = a :.f = 


2P, 


RL 


( R r/, + R l)“ + <r 


df R,/, + R I +a~ -2R £ (R, a +R l ) 


dR, 


[(R,„ +R i ) 2 +« 2 ] : 


= 0 


K + 2R rt R £ + R l+a- 2R,„R i = 2R* = 0 



10 March 2006 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers 
and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 















www.eisolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Eleven Solutions 


17. 

V, =120 ~ jl ° = 107.3Z-116.6°V 
,h 10 + y5 

-yl0(10 + yi5) =8 

* 10 + y'5 


(a) 

(b) 


Z th-( Z i) - 8 + y'14 Q 


Z th + ( Z ra ) 


107.3Z-116.6° 
16 


V =V 


L L ,max 


(Z ra )* _ (107.3Z-116.6°) (16.12Z-60.26°) 

Z 7W+( Z 7h) ^ 

(107.3)(16.12) 


16 


107.3 

10 


cos (—116.6° -60.26° +116.6°) = 
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18 . 
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19. 

-7 9.6 = -4.8W1.92 1,-44.81, 
9.6 




= 5 


1.92 

.-. V = (0.6x5)8 = 24V 

.'. P =—x24x1.6x5 
° 2 


96 (geifyl 
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20 . 

(a) 


j 480 80 - /'60 


Z (/; = 8 OII 76 O = 

th 11 8 O + 76 O 8 O- 76 O 
= 28.8 + j‘38.4Q .'. Z imax 


28.8-y38.4Q 


(b) \ th =5(28.8 + y'38.4) = 144 + yl92 V, 
144 + y'192 


and P, 


2x28.8 

1 144 2 +192 2 


2 4x 28.8 2 


x 28.8 = 


250 W 
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21. Z eq = (6 -/ 8 ) || (12 + j9) = 8.321 Z -19.44° W 

V eq = (5 Z-30°) (8.321 Z -19.44°) = 41.61 Z -49.44° V 


Ptotai = 1 /2(41.61)(5) cos (-19.44°) = 98.09 W 

1 6-/8 = Veq/ (6 -jS) = 4.161 Z 3.69° A 
1 4+/2 = I 8+/7 = Veq/ 12 +j9 = 2.774 Z -86.31° A 

P 6 - /8 = x /2 (41.61)(4.161) cos (-49.44°- 3.69°) 

P 4+/2 = , / 2 (2.774)2 (4) = 

P 8+i 7= 1 /2 (2.774)2 ( 8 ) = 


15.39 W 
30.78 W 


51.94 W 


Check: S = 98.11 W (okay) 
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22 . 


V,, = 100 — = 20 + y'40, Z th = f* Q(2Q ^ = 4 + jSQ 


20 + j 10 


20 + j 10 


R l = ZJ.-. RH 8.9440 


1 20 2 + 40 2 


2 (4 + 8.944) 2 + 64 


-x 8.944 


= 38.63 W 
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23. We may write a single mesh equation: 170 Z0° = (30 + y 10) Ii - (10 —y'50)(-2eli) 
Solving, 

= 170Z0° 

1 30 + y'10 +102,-y50/l 


170Z0 0 

(a) X = 0, so Ii =-= 5.376Z -18.43° A 


30 + j 10 
through both resistors in t 
P 20 = V 2 (5.376) 2 (20) = 
P 10 = Vi (5.376) 2 (10) = 


11 s case, 


289.0 W 
144.5 W 


and, with the same current flowing 


170Z0° 

(b) X = 1, so Ii = —-— = 3.005Z45 0 A 

40 - y 40 


90.30 W 


P 2o = 1 /2 (3.005r (20) 

The current through the 10-Q resistor is Ii + A,Ii = 2 Ii = 6.01 Z 45° so 


P 10 = V 2 (6.01) 2 (10) = 


(c) 


180.6 W 


IPRINT 



(a) 

FREQ 

IM(V PRINT3) 

IP(V PRINT3) 

6.000E+01 

5.375E+00 

-1.846E+0I 

FREQ 

IM(V PRINT4) 

IP(V PRINT4) 

6.000E+01 

5.375E+00 

-1.846E+01 

(b) 

FREQ 

IM(V PRINT3) 

IP(V PRINT3) 

6.000E+01 

6.011E+00 

4.499E+01 

FREQ 

IM(V_PRINT4) 

IP(V PRINT4) 

6.000E+01 3.006E+00 

4.499E+01 
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(a) Waveform (a): I 


avg 


(10)(1)+ (-5)(l) +0(1) 


1 


1.667 A 


Waveform (b): I avg 
Waveform (c): 


2 


-( 20 )( 1 )+ 0 ( 1 ) 


5 A 


Iavg 


1 r 10 


1 f 

1x10 3 J 


2 m 


8sin— , dt = -fexlO 3 ) 

o 4x 10~ 3 v ’ 


v 


4x10 
2 n 


-3 A 


cos 


7lt 


2 x 10 


1(T 


= --(o-i)= 

n 


— A 


n 


(b) Waveform (a): f;. g = 


(100)( 1) + (25)( 1) + (0)( 1) 


41.67 A 2 


Waveform (b): z(0 = _ 20 x 10 r + 20 

i 2 (t) = 4xl0 8 r - 8><10 5 1 + 400 

1 J o 10 (4xl0 8 f 2 - 8x 10 5 f + 400 )d\ 


I 2 = 

avg 2x 10' 3 


't 


1 


4x10 s 


(l 0 3 ) 3 - 8xl ° (lO 3 ) 2 + 400(10 3 ) 


2xl0~ 3 
Waveform (c): 

1 


0.1333 
2x 10' 3 


= 66.67 A" 


T/ - f 10-3 S* ■ 2 2 7Zt 

lava =- t 64sin“-- 

s 1x10 3 Jo 4x10 3 


dt = (64xl0 3 ) 


t sin^xlO 3 ! 
2~ 2n x 10 3 


10 “ 


= (64xl0 3 ) 


10 


sin^- 
2n x 10 3 


32 A 2 
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25. At co = 120tt, 1 H —»y'377 Q, and 4 pF —» -y'663.1 Q 
Define Z eff = /377 || -y'663.1 || 10 000 = 870.5 Z 85.01° Q 


V 2.5k 

VlOk 


= (400V2Z-9°)2500 

2500 + 870.5 Z85.01 0 
(400V2Z -9°)(870.5 Z85.Q1 0 ) 


Thus, 


2500+ 870.5 Z85.01 0 

P 2 . 5k = 1 /2 (520.4)2/ 2 500 
PlOk = y 2 (181.2)2/ 10 000 

Pm 

P41+ 


= 520.4 Z -27.61° V 

= 181.2 Z57.40 0 V 


54.16 W 
1.642 W 
0 
0 


(A total absorbed power of 55.80 W.) 


To check, the average power delivered by the source: 

400 [ 2 / _ o° 

I source =--- - 0.2081 Z-27.61° A 

2500 + 870.5Z85.01 0 

and P source = y 2 (400V2 X0.2081) cos (-9° + 27.61°) = 55.78 W (checks out). 



FREQ IM(V PRINT 1) 

IP(V PRINT 1) 

FREQ VM(L,0) 

VP(L,0) 

6.000E+01 2.081E-01 

-2.760E+01 

6.000E+01 1.812E+02 

5.740E+01 

FREQ VM(R2_5k,$N_0002) VP(R2_5k,$N_0002) 

FREQ IM(V PRINT 11) 

IP(V PRINT 11) 

6.000E+01 5.204E+02 

-2.760E+01 

6.000E+01 2.732E-01 

1.474E+02 

FREQ IM(V PRINT2) 

IP(V PRINT2) 

FREQ IM(V PRINT 12) 

IP(V PRINT 12) 

6.000E+01 4.805E-01 

-3.260E+01 

6.000E+01 1.812E-02 

5.740E+01 
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i 1 ^*144 1 1 

26. (a) -j —(l + cos2000 t)dt= - ^8.485 


144 


i T J 2 

o 


(b) 


1 r 144 


f I 4-^+ / 1 44 

j—(1-cos 2000t)dt = — = j 8.485 


n 2 


11 ^ 144 11 44 - 

(c) J-f— (l + coslOOOt)dt = J— =(^485 


144 


T J 2 
1 o Z ' 


(d) 


1 r144 r 


J — [l + cos(l0007-176°) 


T J 2 L 

1 o z - 


144 

dt= t -= 8.485 


V 2 
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27. (a) lljl(l + CO s20 t)Jt=-^4414 


1 r J 2 

0 




(b) 


1 r 4 


J — (l-cos 20 t)dt =—j= 

o ^ v2 


= —i= =1.414 


(c) J~|~(l + coslO^)c/? 


V2 


'T J 2 

1 o Z ' 


1.414 


(d) 


1 r r4 


J-[l + cos(l 07 - 64 °) 


T J 2 


V2 


dt = -— = 1.414 
2 
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28. T = 3 s; integrate from 1 to 4 s; need only really integrate from 1 to 3 s as function is zero 
between t = 3 and t = 4 s. 


F 



J 100 ( 2 ) 


8.165 V 
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29. T = 3 s; integrate from 2 to 5 s; need only really integrate from 2 to 3 s as function is zero 
between t = 3 and t = 4 s. 


/ 


rms 




4.041 A 
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30. (a)| 1 V 

(b) 


f + Vj 

l eff Z eff 


r~ 

f 1 3 

2 


1 + 



1.225 V 


l>/2 J 




<c) r -=^ + K = - hl+ 


vV2y 


-1.225 V 
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31. 

(a) 

(b) 

( c ) F 


v = 10 + 9cosl00l + 6sinl007 


.'.V^ =Jl 00 + ^x81 + 4x36 =>/l58.5 


12.590V 


Ff# = ( 10 2 +20 2 + 10 2 ) = Vl50 =| 12.247 


avg 


(10)(1) + (20)(1) + (10)(1) _ 40 
4 4 


10 
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32. 

(a) 

3 


g(t ) = 2 + 3cosl00r + 4cos(100r- 120°) 

ZO + 4Z-120 0 = 3.606 Z-73.90 0 soG eff = 


1 3.606 2 

3.240 

4 + 

2 



(b) 

(c) 


h (t) = 2 + 3 cos 1007 + 4 cos (10 It - 120°) 


H, # = J2 2 + G 2 + U 2 = ^5 ^4.062 


f(t) = \00t, 0<t<0.l:.F eff = 


= J—xl0 6 x-xl0 3 = 

V 3 3 


33.33 
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33. f{t) = {2-3 cos 1 OOf ) 2 


(a) /(7) = 4-12 cos 1007 + 9 cos 2 1007 


.-. fit ) = 4 -12 cos 1007 + 4.5 + 4.5 cos 2007F av = 4 + 4.5 = 8.5 


(b) ¥ eff = ^8.5 2 +^-xl2 2 + ^-x4.5 2 =| 12.43 
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34.(a) 


leff ~ 




6.455 A 


(b) l e ff - 


+2 °\ d <) + ° 


s 


2.236 A 


(c) 


4ff - 


nr 

f • 

f ^ 

s' 

f 2 

- 

f2r 


r 

11 


- 

8sin 

—t 

dt 

= 

-8 


cos 


= 

2.257 A 


0 

U J 

y 

V 




UJ 

- 0 
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35. 


(a) A = B = 10V, C = D = 0 .'. 10Z0° + 10Z - 45° = 18.48Z - 22.50° 


(b) 


1 1 9 

.’. P = —x — x 18.48 2 = 

2 4 


42.68 W 


A = C = 10V, B = D = 0, v 5 = lOcoslOf + 10cos407, 

W 


„ 1 10 2 1 10 2 

p =-+- 

2 4 2 4 


25 


(c) v = lOcoslOr-lOsin (107 + 45°) -> 10- 10Z-45° = 7.654Z67.50 0 


. 1 7.654 2 

~2 4 


7.322 


W 


(d) v = 10cosl07 + 10sin(107 + 45°) + 10cos407; 
10Z0° + 10Z - 45° = 18.48Z - 22.50° 


1 9 1 1 , 1 

.'. P = -x 18.48 x —H—xlO 2 x — = 

2 4 2 4 


55.18 W 


10 

(e) //+ \tidc P = 55.18 +-= 

v av 4 


80.18 W 
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36. 


Z eq = R \\j0.3co = 


jOARco 
R + jOARco 


By voltage division, then, we write: 


lOOmH 


120Z0 


jOAco 


jOAco + 


j0.3Rco 
R + jOAco 
jOARco 


= 120Z0 


■0.03nr + jOAcoR 
- 0.03co 2 + jOARco 


V 300mH - 120Z0 


R + jOAco 


jOAco + 


jOARco 


= 120Z0 


j36Rco 


- 0.03&> + jOARco 


R + j0.3a> 

(a) We’re interested in the value of R that would lead to equal voltage magnitudes, or 


j36Rco\ = | (120)(-0.03« 2 +y0.kuR)| 


Thus, 


36R<u 


Vl2.96ty 4 


+ \44co 2 R 2 or 


R = 0.1061 co 


73.47 V. 


(b) Substituting into the expression for V ioomH, we find that V ioomH : 
independent of frequency. 

To verify with PSpice, simulate the circuit at 60 Hz, or co = 120tx: rad/s, so R = 40 Cl. 
We also include a miniscule (1 pQ) resistor to avoid inductor loop warnings. We see 
from the simulation results that the two voltage magnitudes are indeed the same. 



FREQ VM($N_0002,$N_0003)VP($N_0002,$N_0003) 
6.000E+01 7.349E+01 -3.525E+01 


FREQ VM($N_0001 ,$N_0002)VP($N_0001 ,$N_0002) 

6.000E+01 7.347E+01 3.527E+01 
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37. 

(a) 



(c) PSpice verification for Sawtooth waveform of Fig. 11.40a: 

R1 


Ik 


T1=0 
VI 
T2=3 
V2=60V 
T3=3.00000001 
V3=0 


U 

o (M 



01 = 3.000, 

30.00 

02 = 3.000, 

34.61* 

dif= 0.00, 

L. s 

-4.642 



Tine 
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Z ef f - R 


r -j 10 6A 

v j 


-y^io 6 

3<aR-yl0 6 


120Z0 


lSRC 


IlnF — I 


,10 6 . RIO 6 

J co J 3 ojR - j\ 0 6 


120n)l 

(3<aR - ylO 6 ) 

1 

-yl0 6 l 

[3coR - /1 0 6 ) 

)- jooRlO 6 


R 


3pF - lSRC' 


R-j 


to 6 

3 co 


(a) For the two current magnitudes to be equal, we must have 


R 


R-j 


10 6 

3 co 


= 1. This is 


only true when R = co; otherwise, current is shunted through the resistor and the two 
capacitor currents will be unequal. 

(b) In this case, the capacitor current is 


120Z0- 7 - 7 - = j90co uA, or 

10 6 10 6 
~j - j — 

co 3 co 


90 co cos (cot + 90°) juA 


(c) PSpice verification: set /= 60 Hz, simulate a single 0.75- pF capacitor, and include a 
100-MO resistor in parallel with the capacitor to prevent a floating node. This should 
resit in a rms current amplitude of 33.93 mA, which it does. 


ACMAG=120/^N vi 
ACPHASE=0 V —/ 


IPRINT 

ci A 


0.75uR 

AC=yes 

MAG=yes 

PHASE=yes 


lOOMeg 


FREQ 

IM(V PR1NT3) 

IP(V PR1NT3) 

6.000E+01 

3.393E-02 

9.000E+01 
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39. 


v(t) = \0t\u(t)-u(t-2)] + \6e- 0Xt - 3) [u(t-3)-u(t-5)] V 
Find eff. value separately 


V,*=Jk 2 '00^ = J^x8=7.303 




V eff = v/7.303 2 + 6.654 2 =| 9.879 


V^=J- 


" eff 


J o 100t 2 <7t +256e 3 e 'dt 


5 L 


100 


x8 + 256e 3 (e~ 3 -e~ 5 ) 


800 


+ 256(l-e~ 2 ) 


= 9.879 V OK 
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40. The peak instantaneous power is 250 mW. The combination of elements yields 
Z = 1000 + j 1000 Q = 1414 Z45° Q. 

V Z0 V Z-45° 

Arbitrarily designate V = V m Z0 , so that I = — 2 — = —-- A. 

Z 1414 


W e may write pit) = Vi V m I m cos 4> + A V m I m cos (2oA + (j>) where cj) = the angle of the 
curren t (-45°). This function has a maximum value of A V m I m cos (j) + A V m I m . 

Thus, 0.250 = y 2 V m I m (1 + cos (t>) = Vi (1414) lj (1.707) 
and I m = 14.39 mA. 

In terms of rms current, the largest rms current permitted is 14.39 / 4l = 


10.18 mA rms. 
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41. 

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

(g) 


I = 4Z35° Arms 


V = 201 + 80Z35° Vrms, P = 80 x 10 cos35° =| 655.3 W 

a ,gen 



I, = 10Z0°-4Z35° = 7.104Z -18.84° Arms 


.'.AP, =80x7.104 = 568.3 V A 


„ P £ 335.3 

PF, = cos 6, =-=- 

L L AP l 568.3 


0.599 


since I, lags V, PF £ is lagging 
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42. 


(a) 


(b) 

(c) 


I = 


120 


4 + J*?_ 
12 + /16 


= 9.214Z-26.25° Arms 



Z, = 4 + ^L = 4 + ^ (192+ /144) 


3 + ;4 

.-. = 11.68 + y'5.76Q, Y, = 

75.76 


.’. y'120;rC = 


11.68 +5.76 


ll.68-y5.76 
11.68 2 +5.76 2 

C = 


90.09/2F 


(d) PSpi ce verification 



FREQ VM($N_0003,0) VP($N_0003,0) 

6.000E+01 1.200E+02 0.000E+00 

FREQ IM(VPRINTl) IP(VPRINTl) 

6.000E+01 9.215E+00 -2.625E+01 ; (a) and (b) are correct 

Next, add a 90.09-juF capacitor in parallel with the source: 

FREQ IM(VPRINTl) IP(VPRINTl) 

6.000E+01 8.264E+00 -9.774E-05 ;(c) is correct (-9.8><10’ 5 degrees 

is essentially zero, for unity PF). 
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Z a =5 + j 2Q, Z B = 20-y'10Q, Z c = 10Z30° 82660 + j 5 Q 

Z D = 10Z - 60° = 5 - y'8.660 Q 


200 -20 + y'10 

0 33.66-y'13.660 


25 - y'8 -20 + y'10 

-20 + y'10 33.66 -j 13.660 
25 -y'8 200 

-20 + y'l 0 0 _ 200(20 - y'10) 

480.9Z-26.00° ~ 480.9Z20.00 0 


7265Z22.09 C 
480.9Z-26.00° 


= 15.11Z3.908° Arms 


= 9.300Z-0.5681° Arms 


AP 4 =|I ,| 2 |Z J = 15.108 2 V29 - 


1229 VA 


AP* = 

I, -I 2 2 \Z B = 5.881 2 

o 

X 

773.5 VA 

AP C = 

I 2 2 Z C =9.3 2 x10 = 

86.49 VA 


AP 0 = 

I 2 2 |Z, = 9.3 2 x 10 = 

864.9 VA 




AP S =200 1, =200x15.108 =13022 VA 
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44. Zj = 30Z15°Q, Z 2 = 40Z40°Q 


(a) 


Z, o , = 30Z15 0 + 40Z40 0 = 68.37Z29.3TQ 


0.8719 lag 


(b) 


(c) 


\ = YL tot = 683.8Z29.31°Q so 
S = yi* = (683.8Z29.31°)(10Z0) = 6838Z29.31° VA. 


Thus, the apparent power 


S = 6.838 kVA. 


The impedance has a positive angle; it therefore has a net inductive character. 
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45. 0i = cos'‘(0.92) = 23.07°, 0 2 = cos' 1 (0.8) = 36.87°, 0 3 = 0 
100 Z23 07° 

Si = = 100 + 742.59 VA 

0.92 

„ 250Z36.87 0 . 10 „ r „ rA 

S 2 = -—- = 250 + 7187.5 VA 


S 3 = 


0.8 
500 Z0° 
1 


= 500 VA 


(a) 


S to tai=Si + S 2 + S 3 = 500+7230.1 VA = 550.4 Z24.71 0 VA 
S tota i 550.4 


I 


eff' 


V 


eff 


115 


4.786 A rms 


(b) PF of composite load = cos (24.71°) = 0.9084 lagging 
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46. 


AP l =10,000 VA, PF l = 0.81ag, -to| = Arms 


Let jp = Z0°Arms; P L = 10,000 x 0.8 = 8000 W 

8000 


Let Z L = L + jX L R L = 


40 2 


= 5 n 


cosd L = 0.8lag. - . 0 L = cos 1 0.8 = 36.87° 

.'. X L = 5 tan36.87° = 3.750, Z L =5 + j'3.75, Z tot =5.2 + j'3.750. 


V s = 40(5.2 + j 3.75) = 256.4Z35.80 0 V; Y lot = ■ 


1 


5.2 + j 3.75 

= 0.12651 - J0.09124S, Y new =0.12651 + 7X120^C-0.09124), 
PF eiv = 0.9 lag, 6 new = 25.84° .'. tan25.84° = 0.4843 
_ 0.09124 -120^C . 

0.12651 


C= 79.48//F 
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47. Zeff = 7 100 + j300 II 200 = 237 Z54.25°. PF = cos 54.25° = 0.5843 lagging. 
(a) Raise PF to 0.92 lagging with series capacitance 


j100+jXc+j300 ||200 = 138.5 +7(192.3 +X C ) Q 


tan 


-i 


192.3 + X, 
138.5 


= cos' 1 0.92 = 23.07° 


Solving, we find that Xc = -133.3 Cl = -\/coC, so that C 
(b) Raise PF to 0.92 lagging with parallel capacitance 

-100X 


7.501 pF 


7 '100 ||/X c + j'300 || 200 


7(100 + X C ) 


+138.5 +792.31 Q 


= 138.5 + 7 

r 


' 92 . 31 + ‘°°+ ' 


tan 


92.31 + 


v 

100X C 

100+ x r 


100 + X, 


Q 


c 7 


138.5 


= cos' 1 0.92 = 23.07° 


Solving, we find that X c = -25 Q = -1/tuC, so that C 


40 pF 


IPRINT 


ACMAG=115 
ACPHASE=-4 


G) 


AC=yes 

MAG=yes 

PHASE=yes 

VI 


LI 


lOOmH 


L2 


R1 


300mH 


200 


R2 

--wv- 1 

ip 


General circuit for simulations. Results agree with hand calculations 


With no compensation: 

FREQ 

1.592E+02 

IM(V PRINT 1) 
4.853E-01 

IP(V PRINT 1) 
-5.825E+01 

0 PF 
54.25° 

0. 

5843 lag 

With series compensation: 

1.592E+02 

7.641E-01 

-2.707E+01 

23.07° 

0. 

9200 lag 

With parallel compensation: 

1.592E+02 

7.641E-01 

-2.707E+01 

23.07° 

0. 

9200 lag 
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48. 


Z, ( = - /1 0 + 20(1 + 7 ' 2) = 10.769 -73.846 = 11.435 + Z -19.65° Q 


.1 . = 


3 + 72 

100 


— = 8.745Z19.65° 
J 11.435Z-19.654° 

S. =-Vi: =-100 x8.745Z-19.65° = 


-823.5 + 7294.1VA 


I 20 = 8.745Z19.65° x 10 + 720 = 5.423Z49.40 0 


30 + 720 

S 20 = 20x 5.432 2 = | 588.2 + 70 VA 
20x 5.423Z49.40 


+o 


10 + 720 


= 4.851Z-14.04° 
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49. 


V.-100 V, V - 7 IOO . 

- + ——+ ——-= 0 


6 + 74 -j 10 


.-. V 


1 


— + j 0 . 1 + 0.2 
6 + 74 7 


100 


6 + 74 


77+ 9' 20 


.-. V x = 53.35 Z42.66°V 
_ 100-53.35 ^42.66° 
" 6-T/4 


= 9.806Z -64.44° A 


7 6 ,abs 


j4,abs 



7 IOO-53.35 Z42.66° 


= 14.99Z121.6 C 


7 5 abs 


'2,gen 


-j\0,abs 



E = 


10 March 2006 
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50. 

(a) 

(b) 


500VA, PF = 0.75 lead.'. 

S - 500Z - cos 1 0.75 =^375-y'330.7 VA 


500W, PF = 0.75 lead.'. 
S = 500 500 


7-075 


sin (cos -1 0.75)= 500-y 441.OVA 


(c) -500 VAR, PF = 0.75(lead) - cos -1 0.75 = -41.41 0 

.-. P500/tan41.41°= 566.9W, 

S = 566.9-y500 VA 
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51. 

(a) 


(b) 


S s =1600 + y500 VA (gen) 
i; = 1600 + 7500 =4 + yL25 . yL25 


400 
400 


= j'3.333Arms.'. \ L =I,-I C = 4-7l.25 - 73.333 


-j 120 

:.l L = 4 - 7'4.583 Arms.' 


S £ =400 (4+ 74.583) = 1600+ 71833 VA 



( , 1833.3 ' 



cos 

tan 1 

= 

0.6575 + lag 


L 1600 7 




(c) S s = 1600 + 7'500 = 1676Z17.35 0 VA .'. PF = cosl7.35°= 0.9545 lag 
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52. (cos 1 0.8 = 36.87°, cos 1 0.9 = 25.84°) 

(a) S tol = 1200Z36.87 0 + 1600Z25.84 0 + 900 
= 960 + 7720 + 1440 + y'697.4 + 900 
= 3300 + y‘1417.4 = 3592Z23.25° VA 
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53. 


(a) 


(b) 


(c) 


= 20 + 25 x 0.8 + 30 x 0.75 = 70 kW 


I, = 


20,000 


= 80Z0° Arms 


ZI 


250 

= 25,000/250 = 100 Arms 
= — cos 1 0.8 = -36.87 I, = 100Z - 36.87° A rms 


AR = 


30,000 

0.75 


= 40,000 VA, 


, T l 40,000 

I, =-= 160 Arms 

1 31 250 


ZI, 


= — cos 1 0.75 = —41.41° 

.. I = 80Z0° + 100Z - 36.87° + 160Z - 41.41° = 325.4Z - 30.64 c 


I 3 =160Z-41.41° Arms 


PF, = 


. AP s =250x325.4=181,360 VA 

70,000 [— —— 

—--= 0.8604 lag 

81,360 1 -- 
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54. 200 kW average power and 280 kVAR reactive result in a power factor of 

PF = cos (tan' 1 (280/200) = 0.5813 lagging, which is pretty low. 


(a) 0.65 peak = 0.65(200) = 130 kVAR 

Excess = 280 - 130 = 150 kVAR, for a cost of (12)(0.22)(150) = 


$396 / year. 


(b) Target = S = P + y0.65 P 


9 = tan _1 (0.65P/P) = 33.02°, so target PF = cos 9 = 0.8385 


(c) A single 100-kVAR increment costs $200 to install. The excess kVAR would then be 
280 - 100 - 130 = 50 kVAR, for an annual penalty of $332. This would result in a 
first-year savings of $64. 


A single 200-kVAR increment costs $395 to install, and would remove the entire excess 
kVAR. The savings would be $1 (wow) in the first year, but $396 each year thereafter. 


The single 200-kVAR increment is the most economical choice. 
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Perhaps the easiest approach is to consider the load and the compensation capacitor 
separately. The load draws a complex power Si oa d = P + /Q. The capacitor draws a 
purely reactive complex power Sc = -y’Qc- 

©load = tarf'iQ/P), or Q = P tan 0i oad 


QC = S C = Vn 


(-j/co C) 


= fflCV, 


2 

rms 


= ^CV, 


2 

rms 


Stotal - Sioad + Sc - P + j (Q - Qc) 


(r\ \ 


0 new = ang(S tota i) = tan 


-1 


Q-Q 


so that Q - Qc = P tan 0 n 


v r y 


Substituting, we find that Q c = P tan 0i oad - P tan 0 n 
or 

co CV^ = P (tan 0i oad - tan 0 new ) 

Thus, noting that 0 o i d = 0i oa d, 
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V = 339 Z-66° V, co = IOOtt rad/ s, connected to Z = 1000 Q. 
339 


(a) Veff = 


V2 


239.7 Vrms 


(b) p max = 339 2 / 1000 
(C) Pmin = 0 W 


114.9 W 


(d) Apparent power = V e ffl e ff : 


^ 339 ^ 


V V2 j 


339 


V2 


1000 


V, 


eff 


1000 


57.46 VA 


(e) Since the load is purely resistive, it draws 

(f) S 


zero reactive power. 


57.46 VA 
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57. V = 339 Z-66° V, co = IOOtt rad/s to a purely inductive load of 150 mH (/47.12 Q) 


(a) 


(b) 


(c) 


t . V = 339Z-66 0 1 94Z , 156 , A 

Z y'47.12 


SO I e ff - 


7.194 

~w 


5.087 Arms 


p{t) = Vi V m Im cos c() + Vi V m I m COS(2fe)t + tj)) 
where (j) = angle of current - angle of voltage 
Pmax = Vi V m I m cos (|) + % V m I m = (1 + cos(-90°)) (3 3 9)(7.194)/ 2 


1219 W 


Pmin Vi VmIm COS cj) - /2 V m Ir 


■1219 W 


339 


(d) apparent power = V e ffl e ff= —^(5.087) = 

V 2 

(e) reactive power = Q = V e ff I e ff sin (9 - cj)) = 


1219 VA 


1219 VA 


(f) complex power = y 1219 VA 
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58. 1 


(a) 


(d) 


Engineering Circuit Analysis, 7 th Edition Chapter Eleven Solutions 10 March 2006 


H —»/ Q, 4 |U,F —» - 3 / 25 O Q 
Z eff = j II 3/250 II 10 4 Q = 1.004 289.99° Q 


Vink ~ 


(5Z0) (1.004Z 89.99° ) 


2500 + (1.004289.99° 
Pmax = (0.002) 2 / 10x 10 3 = 


= 2.008 Z89.97 0 mV 


400 pW 


(b) 


0 W 


(purely resistive elements draw no reactive power) 


(c) apparent power = V e ffl e ff = Z V m l m = 1 /2 ( 0 . 002 ) 2 / 10000 


200 pVA 


S 


source 


|( 5Z °) 


^ 5Z0 N 

V 2500Z0.02292 y 


0.005 Z-0.02292 0 VA 
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Defi 
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(a) At co = 400 rad/s, 1 pF —» -7'2500 Q, 100 mH —»y’40 Q 
ne Z eff = -72500 || (250 + y40) = 256 Z 3.287° Q 


Is 

Ssc 


12000Z0 


20 + 256Z3.287 0 
= (12000)(43.48) Z 3.049° 


= 43.48 Z-3.049° A rms 


521.8 Z3.049° kVA 


S 2 on = (43.48) 2 (20) Z0 = 


37.81 Z0 kVA 


V eff 


(12000Z0)(256Z3.287°) 
20 + 256Z3.287 0 


= 11130 ZO.2381 0 V rms 


IlpF _ 


' eff 


- 4.452 Z90.24 0 A rms 

-72500 

so Si mF = (11130)(4.452) Z-90° 


49.55 Z-90° kVA 


lOOmH 


(11130Z0.2381 o )(y40) 
250 + 7'40 


= 1758 Z81.15 0 V rms 


IioomH = = 43.96Z-8.852° Arms 

740 


so SioopH = (1758)(4.43.96) Z90° 


77.28 Z90° kVA 


V250O 


(11130Z0.2381°)(250) 
250+740 
so S 2 5 on = (10990) 2 / 250 


= 10990 Z-8.852“ Vrms 


483.1 Z0° kVA 


(b) 37.81 Z0 + 49.55 Z-90° +77.28 Z90° + 483.1 Z0° = 521.6 Z3.014 0 kVA, 
which is within rounding error of the complex power delivered by the source. 


(c) The apparent power of the source is 521.8 kVA. The apparent pow^ rs of the passive 
elements sum to 37.81 + 49.55 + 77.28 + 483.1 = 647.7 kVA, so 
important! 


NO! 


Phase angle is 


(d) P = V e ff I e ff cos (ang Vs - ang Is) = (12000)(43.48) cos (3.049°) = 

(e) Q = V e ff I e ff sin (ang Vs-ang Is) = (12000)(43.48) sin (3.049°) = 


521 kW 


27.75 kVAR 
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at 


(d) 


60. (a) Peak current = 28 -Jl = 39.6 A 

(b) 9ioad = cos '(0.812) = +35.71° (since lagging PF). Assume ang (V) = 0°. 


pit) = (2300V2)(39.6)cos(120tt 0 cos (1207rt-35.71°) 


t = 2.5 ms, then ,p(t) 


71.89 kW 


(c) P = VeffleffCosO = (2300)(28) cos (35.71°) 

S = VeffleffAO = 


52.29 kW 


64.4 Z 35.71° kVA 


(e) apparent power = |S| 


64.4 kVA 


(f) IZioadl = |V/I| = 2300/28 = 82.14 Q. Thus, Zi oad = 

(g) Q = V e ff left sin 0 = 37.59 kVAR 


82.14 Z35.71°Q 
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1. Vbc = Vbe + Vec = 0.7 - 10 = 

-9.3 V 

V eb = - Vbe = -0.7 V 


Vcb = Vce + Veb= 10-0.7 = 

9.3 V 
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2 . 


(a) V g d = V g s + Vsd = -1 - 5 


-6 V 


(b) V sg = Vsd + V dg = -4-2.5 


-6.5 V 
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3. (a) positive phase sequence 


V an = |V p |Z0° V dn = |V p | Z-180 0 

Vbn = | Vpl Z -60° Ven = | Vp| Z -240° 

Yen = | Vp| Z -120° Vfh = | Vp| Z -300° 


(b) negative phase sequence 


V an = |Vp|Z0° V dn = |Vp|Z 180° 

Vbn = I Vpl z 60° Ven = |V p | Z 240° 

V cn = |Vp| Z 120° V & = |V P | Z 300° 
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4. (a) V yz = Vyx + V xz = -110Z20° + 160 Z-50° 

=-103.4-y37.62+ 102.8 -y'122.6 = -0.6 -yl60.2 


160.2 Z-90.21° V 


(b) Vaz = v ay + V yz = 80 Z130° + 160.2 Z-90.21° 

= -51.42+761.28 -0.6-7160.2 = -52.02-798.92 
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5. (a) V 25 = V 24 + V 45 = -80 Z 120° + 60 Z 75° 

= 40 -y'69.28 + 15.53 + y'57.96 = 55.53 -yl 1.32 

= 56.67 Z-l 1.52° V 


(b) V 13 = Vi 2 + V 25 + V 5 3 = 100 +55.53-yl 1.32+y!20 

= 155.53 +yl08.7 

= 189.8 Z 34.95° V 
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6. V 12 = 9Z87 0 V = 0.4710 + y'8.988 V, V 23 = 8Z45° V = 5.657 + j5.657 V 

(a) V 2 i=-Vi 2 = 9Z(l80°+87°) V = 9Z(267°) V 

(b) V 32 = -V 23 = 8Z(l80° +45°) V= 8Z(225°) V 

(c) V 12 - V 32 = V 12 + V 23 = 0.4710+./8.988 + 5.657 + J5.657 = 6.128+j 14.65 V 

= 15.88Z67.29 0 V 


9Z(-93°) V 


8Z(-135°) V 
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(b) 


The phase sequence is negative, since sequence is acbacb.... 
A positive sequence would be abcabc... 
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8 . 


The temptation is to extend the procedure for voltages, but without the specific circuit 
topology, we do not have sufficient information to determine I31. 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers 
and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 



www.elsolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Twelve Solutions 10 March 2006 


9 . 


The temptation is to extend the procedure for voltages, but without the specific circuit 
topology, we do not have sufficient information to determine I31. 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers 
and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 



www.elsolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Twelve Solutions 10 March 2006 


to. 

230/460Vrms Z AN : S = 10Z40°kVA; Z NB : 8Z10°kVA; 


Z AB : 4Z-80°kVA 


Let = 230Z0°V = V^,!^ 


10,000Z40° 

230 


43.48Z40 0 A 


h N =43.48Z-40°A, S ab = V AB 1* B Ij, = 


4000Z-80 C 

460 


= 8.696Z-80 0 ,= 8.696Z80 0 .'. I aA = l AN + l AB 


l aA =43.48Z40° + 8.696Z80° = 39.85 Z-29.107 0 .-.I., =439.85“ A 


_ 8000 / 10 ° _ 

I* =-= 34.78Z10 0 , l NB =34.78Z-10°A 

m 23Q nb 

\ bB = -34.78Z-10°-8.696Z80 0 = 35.85 + Z -175.96°, 
\ N =-43.48Z-40° + 34.78Z-10° = 21.93Z87.52°, l nN 


•• I «= 

35.85 + A 

21.93 A 
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11 . 


(a) InN = 0 since the circuit is balanced. 


Ian = 12 ZO 
IaA = Ian + Iab 


Iab - 


240Z0 


16 + y '12 
12 + 9.596 -y'7.205 


= 12 Z -36.9° 


22.77 Z -18.45° A 


(b) 



Ian = 24 Z 0° A 
I BN = -12 Z 0° A 
I nN = -12 Z0° A 


The voltage across the 16-Q resistor and j 12 -Q impedance has not changed, so Iab 
has not changed from above. 

IaA = Ian + Iab = 24 Z 0° + 12 Z -36.9° 

IbB = Ibn - Iab =-12 Z 0° - 12 Z-36.9° 

InN = Ibn - Ian = - 12 - 24 = 


34.36 Z-12.10° A 
7.595 Z-108.5° A 
36 Z180° A 
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12 . 







21 + 73 

-10 

- 10-73 

(a) 

A = 

-10 

19+72 

- 8 - 7-2 



-10-73 

- 8-72 

36 + j5 


= (21 + j3) (674 + j\ 67-60-732) 


+ 10(-360-750-74-y44)-(10 + 7'3)(80 + 7'20 + 184 + jll) 
A = 5800 + 71995 = 6127Z18.805 0 


720 -10 -10-7'3 

720 19 + 7'2 -8 - j2 

0 -8 - j2 36 + 7'5 


= 720(614 + 7135 + 434 + 7'94) = 720xl072.7Z12.326° 


- _ 720xl072.7Z12.326° 

-k.. A 


aA 


6127Z18.805 0 


126.06Z-6.479 0 A 


(b) 


21 + 7'3 720 -10 -73 

-10 720 - 8-72 

-10-73 0 36 + 75 


= 720(1084 + 7'247) .'. l Bh = 


- _ 720(1084 + 7247) 


6127Z18.805 C 


= 130.65 Z-5.968°A 


I,. M = 130.65 Z-5.968°- 126.06Z-6.479° = 4.730Z7.760 0 A 


(c) V a tol = 126.06 2 x 1 +130.65 2 x 1 + 4.730 2 x 10 = 15.891 + 17.069 + 0.224 = 


33.18kW 


(d) =720x126.06 cos 6.479° + 720xl30.65 cos5.968° = 90.18 + 93.56 = 


183.74 kW 
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13. V AN = 220Vrms, 60Hz 




220Z0 0 




(a) PF = 1 I w 

= 40.85 Z-21.80° A; I,. = /377Cx440 

5 + 72 




.-. ^ =40.85cos21.80° + y'(377C440-40.85sin21.80°) 


40.85sin21.80° 





91.47 juF 



377x440 




(b) =377x91.47x10 6 x 440 = 15.172A VA = 440x 15.172 = 

6.676 kVA 
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14. (a) I 


aA - Ian + Iab 


200Z0 400Z0 

+ 


12 + 73 


R, 


15.69 -;3.922 + 


400 


R 


AB 


Since we kn ow that |I aA | = 30 A rms = 42.43 A, 


42.43 = 


15.69 + 


400 


R 


+ 3.922 


AB 7 


or R A r = 15.06 Q 


_ T _ t . t _ 200Z0 400Z0 , _ 7400 

(b) I a A — Ian + Iab — 77 — — 77 H- 77 — - 15.69-73.922 + - 


12+73 -JX 

In order for the angle of I a A to be zero, 


AB 

400 


X 


X, 


= 3.922, so that Xab = 


AB 


10 March 2006 


102 Q capacitive. 
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15. 

(a) 


+ seq. V BC = 120Z60 0 Vims, R w = 0.6Q P load = 5kVA, 0.6 lag 

- 120 = 5000 no .5000., 

Yw = — fT Zl50°\ S AN = — xO.S + J —0.6 




- 120 - - 

= —f=-Z 150° C c =24.06 Z-113.13° A 






a A ’ ' aA 


(b) \ aA =0.6x24.06Z113.13° = 


an aA AN 
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16. T V a „ = 2300Z0 0 V ms , R w = 2 Q ,+seq., S tot = 100 + j30kVA 


(a) 

(b) 

(c) 

(d) 


^(100,000 + y'30,000) = 23001^ .'. l aA = 


15.131Z-16.699°A 


V AN =2300-2x15.131Z-16.699 0 


z..-v M /i..- 


2271Z0.2194 0 

15.131Z-16.699 C 



trans. eff. = _ q. 9863, or 

145.60 


98.63% 


10 March 2006 
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17. 

(a) 

(b) 

(c) 

(d) 


T Z„ = 12 + /'5Q, l hB = 20Z0° A rms, +seq., PF = 0.935 


0 = cos -1 0.935 = 20.77°.-. 


12 + R 


= tan 20.77°, R w = 


1.1821Q 


Vw = 1 „bZ p =20(12 + y5) = 240 + yl00V .-.V 6f , = 20(13.1821 +y5) = 
V,„ = V3|V„|/ZV„ + 150“=[ 


450.3Z172.62 0 V 


=3 V b Xb =3x281.97Z-20.77°(20) 


15.819-y6.000kVA 


10 March 2006 


281.97Z20.77°V 
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18. 


125 mH -> j(2tc)( 60)(0.125) = /47.12 Q 
55 pF —> -77(27i)(60)(55xl0' 6 ) = -y‘48.23 Q 

The per-phase current magnitude |I| is then I 


75 Q -> 75 Q 


125 

1.667 A. 


V75 2 +(47.12-48.23) 2 



The power in each phase = (1.667)“ (75) = 208.4 W, so that the total power taken by the 
load is 3(208.4) =1 625.2 W. 


The power factor of the load is cos 


47.12-48.23 

75 


1.000 


This isn’t surprising, as the impedance of the inductor and the impedance of the 
capacitor essentially cancel each other out as they have approximately the same 
magnitude but opposite sign and are connected in series. 
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19. 


T Bal.,+ seq. Z AN = 8 + 76 Q, Z BN = 12-/L6 Q, Z CN = 5 + 7 O, V AN = 120Z0 0 V 


R w =0.5Q(a)-I„„ = 


- 120Z0 0 120Z-120 C 


8.5 + 76 12 . 5-716 


CN 

120Z120° 

5.5 


rms 


= 6.803Z83.86 0 A 




6.803Z-96.14 0 Arms 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers 
and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 






www.elsolucionario.net 


20 . 


Engineering Circuit Analysis, 7 th Edition 
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Working on a per-phase basis, the line current magnitude is simply 

40 


I = 


(a) Rw - 0 
Then III = 


40 


a/25 + 10 2 


3.578 A 


V(R,+5) 2 +10 ! 

and the power delivered to each phase of the load is 


(3.578t( 5) = 64.01 W. The total power of the load is therefore 3(64.01) 

(b) Rw = 3 fi 
Then |l| = 


192.0 W. 


40 


V 64 +10 2 


3.123 A 


and the power delivered to each phase of the load is 


(3.123) (5) = 48.77 W. The total power of the load is therefore 3(48.77) = 146.3 W. 
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21 . 

(a) 


(b) 

(c) 

(d) 


t Z p = 75Z25 0 Q||25 juF, \ an = 240Z0 0 Vrms, 60Hz, R w = 2Q 

^ cap J 


106 =-j 106. ion , z, - - 75.34-y23.63n 


377x25 


Z p+Vl , = 77.34-y 23.63 ^ = 


75Z25°-yl06.10 


240 


77.34-j23.63 


2.968Z16.989 0 A 


L load 
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22. Working on a per-phase basis and noting that the capacitor corresponds to a -/'6366-Q 
impedance, 


Or i n_ 








12.0.4/.,). , -foUtfea) ._4 


— 5'X 

■T 

.... t 



1 




-y'6366 || 100 Z 28° = 89.59 + y'46.04 Q so that the current flowing through the combined 
load is 

III _ 240 

V90.59 2 + 46.04 2 


2.362 A rms 


The power in each phase is (2.362)" (90.59) = 505.4 W, so that the power deliverd to the 


total load is 3(505.4) = 1.516 kW. 


The power lost in the wiring is (3 


)(2.362) 2 (1) = 


16.74 W. 


IPRINT 

* 


ACMAG=240 
ACPHASE ; 


MAG=yes 

PHASE=yes 

AC=yes 


Rwire 

AW— 

1 


vi 


AC Sweep and Noise Analysis 


AC Sweep Type Sweep Parameters 


*1 


Enabled 

17 

r 

r _ 

r 

r Mor 

- W 


C Octave 
C Decade 


Total Pts.: 
Start Freq.: 
EndFreq.: 


I « I 


88.29 


R2 


LI 


_ri 

500nF -i- 


149.4mH 


Simulation Result: 


FREQ 

IM(V PRINT 1) 

IP(V PRINT 1) 

5.000E+01 

1.181E+00 

-2.694E+01 
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23. T Bal., R w = 0, Z =10 + j5Q, / = 60 Hz 


(a) 

(b) 


10 + ;5 = 11.180Z26.57° .'. PF = cos 26.57° =[08944 

1 


PF = 0.93 lag, 6 = 21.57°, Y p = 


11.180Z26.57 C 


= 0.08-;0.04S 


_ 377C-0 04 

Yp' = 0.08 + y(377C-0.04) .'.--— = -tan21.57° = -0.3952 

0.08 

.'. 377C = 0.04-0.08x0.3952 = 0.00838.'. C = 


22.23 //F 


Yt.w =440Vrms, Z = 


-ylO 6 


120^-22.23 


= -j\ 19.30Q,I f = 


440/a/3 
119.30 


= 2.129 A 


.'. VAR = 2.129x 


440 


540.9 VAR {cap.) 
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Working from the single-phase equivalent, 


Van rms = -U 


115Z0 


O A 


Vn yfl 


46.9 Z0° V rms 


1.5 FI —> j 565 n, 100 pF —> -y'26.5 Q and 1 kQ ^ 1 kQ. 

These three impedances appear in parallel, with a combined value of 27.8 Z -88.4° Cl. 


1.69 A rms 


Thus, 11^| = 46.9/27.8 t _ j 

Zioad = 27.8 Z88.4 0 = 0.776 -j 27.8 Q, so Pi oad = (3)(1.69) 2 (0.776) = 


2.22 W. 
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25. 


R w = 0, V„, = 200Z60 0 V rms. S = 2 - jl kVA + seq. 


(a) y bc = 220V3Z-30° = 346.4Z-30°V 


(b) 


S BC = 2000-jl 000 = V sc i; c =346.4Z-30°i; ( 


BC 


I* =6.455 Z3.435°, I„ r = 6.455 Z-3.435 


200y/3Z-30 c 


p 6.455~Z-3.435° 


= 53.67Z-26.57 0 = 


48 - y’24 Q 


(c) L = hs-tcA =6.455“Z120°-3.43°- 6.455'Z-120° -3.43° = 


11.180Z86.57 0 A rms 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers 
and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 






www.elsolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Twelve Solutions 10 March 2006 


26. T 15kVA, 0.8lag, +seq., \ BC = 180Z30 0 V rms, R w = 0.75 Q 

(a) \ BC = 180Z30° V AK = 180Z150° V, S p = 5000Z cos 1 0.8 = 5000Z36.87 0 = 180Z30°I; ( 

.'. l BC = 27.78Z -6.87° and l AB = 27.78Z113.13° A .'. \ hB = \ HC - l AB 
:.\ B =27.78(lZ-6.87°-lZ113.13 0 ) = 48.11Z-36.87°A V bC = 0.75(4^-I cC ) 

:.\ bC =0.75x48.1 l(lZ-36.87°-lZ-156.87°) + 180Z30° =|233.0Z20.74° V 


(b) 


p v =3x48.1 l 2 x0.75 = 5208W 


S gCT =5208 + 15,000 Z36.87° = 17.208 + y9.000kVA 
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27. t Bal., S £ = 3 + j\ .8 kVA, S_ = 3.45 + j\.8 kVA, R w = 5 Q 


1 


(a) P w = 450 W —x 450 = 1^ x 5 :.\ aA = 


5.477 Arms 


(b) 

(c) 


jjx 5.477 = 


3.162 Arms 


1 


Assume l AB = 3.162Z0° and +seq. .'. -(3000 + y'1800) = V AB I AB = V AB (3.162Z0°) 
•v =368 8Z30 96°V -V =V +V -V +V 

■ • v ab v . . v an v aA t v AB \ bB -r \ bn 

V aA =5 L =5x5.477Z-30 o = 27.39Z-30°,Y m =27.39Z-150° 

.'. V fl „ = 27.39Z -30°-27.39Z -150° + 368.8Z30.96 0 + V an (1Z -120°) 


- 27.39Z-30°-27.39Z-150° + 368.8Z30.96 c 


V. = 


1-1Z-120 C 


= 236.8Z-2.447° .’. = 


236.8 Vrms 
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If a total of 240 W is lost in the three wires marked R w , then 80 W is lost in each 2.3-Q 


'80 


segment. Thus, the line current is = ^-898 A rms. Since this is a D-connected load, 


the phase current is 1/V3 times the line current, or 


3.405 Arms. 


In order to determine the phase voltage of the source, we note that 

Pw..= V3|VJ.|I, i J.PF = V3 |Vj (5.898) ±- =1800 


where |Vi ine | = 


(1800)(2) 
V2V3 (5.898) 


v 2 y 


= 249.2 V 


This is the voltage at the load, so we need to add the voltage lost across the wire, which 


(taking the load voltage as the reference phase) is 


13.57 Z-45° V. Thus, the line voltage magn itude of the source is 



r i y 

5.898Z - cos' 


k a/2 


(Rw) 


|249.2 Z0° + 13.57 Z-45°| = 


259.0 V rms 
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29. 

(a) 


(c) 

(d) 


Bal., +seq. 

V „ = 120Z0 0 .'. V, = 120v/3 Z30°, etc., L s = 120 ^ Z30 ° = 20.78Z30 0 A 




10 

120^Z-90° = _ 4r574L = 120^Zl 501 =20J8Z _ 120 „ A 


J'5 


-j to 



s tof = i; fl +v BC i; c +v c , \ ( : A = 120V3 z 3 o° x 20.78Z - 30 0 +120V3 z - 9 o°(- 4 i .57)+ 


120V3 Z150°x20.78Z120° = 4320 + 7 O + O + y8640 +0-y4320 = 4320 + y4320VA 
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200Z0 


200Z0 


■ ab 


1011/30 9.49Z18.4 0 


= 21.1 Z -18.4° A 


V3 I AB = 36.5 A 


The power supplied by the source = (3) |Ia| 2 (0.2) + (3) (200) 2 / 10 = 


12.8 kW 


Define transmission efficiency as p = 100 * Pi oa d/ Psource- Then p 
Ia leads Iab by 30°, so that I A = 36.5 Z 11.6°. 


93.8% 


V R = (0.2)(36.5 Z11.6°) = 7.3 Z11.6° V 


With Van 


200 

s 


Z30°, and noting that V an = Van + V R = 122 Z 28.9°, we may now 


compute the power factor of the source as 

PF = cos (ang(V an ) - ang(I A )) = cos (28.9° - 11.6°) 


0.955. 
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31. T Bal., V a „ = 140Z0 0 V„ m „ + seq., R lt = 0, S L = 15 + J9 kVA 
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32. 


15 mH —»y'5.65 Q, 0.25 mF —» -y'10.6 Q 
Vab= 120V3Z30 0 V 
V BC = 120V3Z-90° Y 
Vca= 120V3Z-210 0 V 


Defining three clockwise mesh currents Ii, 

I 2 and I 3 corresponding to sources V A b, 

Vbc and Vca, respectively, we may write: 

Vab = (10 + y'5.65) Ii - 10 I 2 + y'5.65 I 3 
V BC = -10 I, + (10 -y'10.6) I 2 + yl0.6 I 3 
V CA = -y'5.65 Ii + y' 10.6 I 2 + (y'5.65 -y' 10 . 6 ) I 3 


A 



[ 2 ] 

[3] 


Solving using MATLAB or a scientific calculator, we find that 
Ii = 53.23 Z -5.873° A, I 2 = 40.55 Z 20.31° A, and I 3 = 0 


(a) Van = y'5.65(Ii -1 3 ) = 300.7 Z 84.13° V, 

(b) V BN = 10(I 2 - Ii) = 245.7 Z 127.4° V, 

(c) V CN = -y'10.6 (-I 2 ) = 429.8 Z 1 10.3° V, 


so Van = 300.7 V 
so V BN = 245.7 V 
so V CN = 429.8 V 



PSpice Simulation Results 
(agree with hand calculations) 

FREQ VM(A,N) VP(A,N) 

6.000E+01 3.007E+02 8.410E+01 

FREQ VM(B,N) VP(B,N) 

6.000E+01 2.456E+02 1.274E+02 

FREQ VM(C,N) VP(C,N) 

6.000E+01 4.297E+02 1.103E+02 
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33. T R line = 1Q 


(a) 


120V3 =207.8 I, = 


207.8Z30 0 

-1 

-j io 


1Z30° 

-l 

-10 

207.8Z-90 0 

2 + 75 

-75 

207.8 

-A 

2 + 75 

-75 

0 

-75 

o 

1 


0 

-75 

o 

1 


12 -1 -710 

-1 2 + y5 -j5 

-10 -J5 10-;5 


12(70 + 7'40) + (-10-745) -10(20 + j55) 


T _ 207.8[1Z30°(70 + ;40) + yl(-l0 - y45)] _ 21.690Z34.86 0 

li — 


630- 74 15 


630-7115 


33.87Z45.20 0 = I 


+4 


\ = 


12 

1Z30° 

-10 


-1 

-A 

-75 

207.8 

-10 

0 

10-75 



207.8[-lZ30°(-10 - 7 ' 45 ) - 71(20 - 76 O)] 


630-7115 
16,136Z162.01° 


630-7115 


630-7115 


= 25.20Z172.36 0 A 


(b) 

(c) 

(d) 


.-. l cC =25.20Z-7.641°A 


\b =-\a- j cc =-33.87Z45.20 o - 25.20Z-7.641° = 53.03Z-157.05° Arms 


S = 120V3Z30°(33.87Z-45.20°) + 120V3Z90°(25.20Z7.641°) 


= 6793-71846.1-696.3 + 75190.4 = 6096 + 7'3344VA 
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34. 


|Viine| = 240 V. Set V ab = 240Z0° V. Then V an 


240 

VT 


Z -30°. 
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Define I flowing from the *+’ tenninal of the source. Then, 
200Z0 200Z0 


I = 


10 + 010 || 20) 16.12Z29.74 0 


= 12.41Z- 29.74° 


(a) V xy = 101= 124.1 Z-29.74°V. Thus, P xy = (12.41)(124.1) = |l.54kW 

(b) P xz = (200)( 12.41) cos (29.74°) = I 2.155 kW 


(c) V yz = 200 Z0- 124.1 Z-29.74°= 110.9 Z 33.72° V 
Thus, P yz = (110.9)(12.41) cos (33.72° + 29.74°) 


614.9 W 


No reversal of meter leads is required for any of the above measurements. 
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36. lH->y377n,25nF->-yl06n 


Ii = 


440Z0 

50+ [/377| 1(100-7106)] 


= 1.86Z21 0 A 


I C = I---= 2.43Z41.3 0 A 

y'377 +100 - 71 06 

V 2 = (106Z-90°)(2.43Z-41.3°) = 257Z-48.7 0 V 


166 W. 


Pmeasured = (257)(1.86) COS (21° + 48.7°) = 

No reversal of meter leads is needed. PSpice verification: 


IPRINT 


AOyes 
MAC—yes 
PHASb=yes 


ACMAG=440V V1 
ACPKASE-0 T 



R1 


R2 


—wv- 

50 


1H 


—wv— 

100 



AC=yes 
MAC—yes 
PHASE-yos 


FREQ VM($N_0002,0) VP($N_0002,0) 

6.000E+01 2.581E+02 -4.871E+01 


FREQ IM( VPRINT1) IP(VPRINTI) 

6.000E+01 1.863E+00 2.103E+01 


10 March 2006 
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37. 2.5 A peak = 1.77 A rms. 200 V peak = 141 V rms. 100 pF —> -y'20 Q. 


Define the clockwise mesh current I] in the bottom mesh, and the clockwise mesh current 
I 2 in the top mesh. Ic = Ii - I 2 . 

Since I 2 = -177Z-90 0 , we need write only one mesh equation: 

141Z0° = (20 - /40°) i! + (-20 + j20) I 2 


,, . 141Z0 + (-20 + ;-20)(1.77Z-90°) =4023z747y a 

-Ii = 4.023Z-105.2 0 


so that ±1 

20-^40 

and Ic = Ii -1 2 = 2.361 Z 63.43° A. I 
Vmeter = 20 I c = 47.23 Z63.43° V 


meter ' 


Thus. Pmeter = t47.23V4.0231cost63.43 0 + 105.2°1 = 

-186.3 W. 


Since this would result in pegging the meter, we would need to swap the potential leads. 
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38. (a) Define three clockwise mesh currents Ii, I 2 and I 3 in the top left, bottom left and right- 

hand meshes, respectively. Then we may write: 

100 ZO = (10 —ylO) I, - (10 -ylO) I 3 

50 Z90° = (8 + 76 ) I 2 - (8 + 76 ) I 3 

0 = -(10 - 7 IO) Ii - (8 + 76 ) I 2 + (48 + 76 ) I 3 


Solving, we find that h = 10.12Z 32.91° A, I 2 = 7.906 Z 34.7° and I 3 = 3.536 Z 8.13° A. 
Thus, P A = (100)(10.12) cos (-32.91°) = 849.6 W 
and P B = (5)(7.906) cos (90° - 34.7°) = 225.0 W 


(b) Yes, the total power absorbed by the combined load (1.075 kW) is the sum of the 
wattmeter readings. _ 


PSpice verification: 



AC Sweep and Noise Analysis 


AC Sweep Type Sweep Parameters 
(• Linear 


J£l 


Enabled 

w 

r 

r 

r 

r 

17 


Monte CarloAVor: 


C Octave 
C Decade 


Total Pts.: 
Start Freq.: 
End Freq.: 


V Noise Enabled 


ot: I 


FREQ IM(V PRINT 1) 

IP(V PRINT 1) 

6.280E+00 1.014E+01 

6.144E-02 

FREQ IM(V PRINT2) 

IP(V PRINT2) 

6.280E+00 4.268E-01 

1.465E+02 

FREQ VM($N_0002,$N_0006) VP($N_0002,$N_0006) 

6.280E+00 1.000E+02 

0.000E+00 

FREQ VM($N_0004,$N_0006) VP($N_0004,$N_0006) 

6.280E+00 5.000E+01 - 

9.000E+01 
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This circuit is equivalent to a Y-connected load in parallel with a A-connected load. 

200 z-3<r 


For the Y-connected load, Iii ne 
f 200 A 


S 


Py=(3) 


V V3 j 


25Z30 0 
(4.62)cos30° = 1.386kW 


= 4.62Z -60° A 


^ J J T 200Z0 

For the A-connected load, Iw =- 

50Z-60 0 

P A = (3)(200)(4 cos 60°) = 1.2 kW 


= 4Z60° A 


Ptotai = Py + Pa = 2.586 kW 


wattmeter ' 


: Ptotai / 3 


862 W 
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40. We assume that the wire resistance cannot be separated from the load, so we measure 
from the source connection: 
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41. We assume that the wire resistance cannot be separated from the load, so we measure 
from the source connection: 



PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers 
and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 

























































www.elsolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Thirteen Solutions 10 March 2006 


1 . 


vi{t) - Mil 


di x (l ) 
dt 


-M 21 (400)(120;r) sin(120M) 


Taking peak values and noting sign is irrelevant, 100 = .V/ 2 1 (400)f 1 20 ti). 


Thus, 


Mn = 663.1 (iH 
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2 . 


v, =M n therefore 


dt 


1 r , 1 

=- v.dt = - 

M J M 

1V1 12 1V1 12 


115 V 2 

120tt 


sin ^120^7 



Equating peak values, M n = 


45 


f 115 V 2 ' 


v 120;r , 



9.59 mH 
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4. 


(a) v, = —L, — + M 

dt dt 


Substituting in i\ = 30 sin 80/ and h = 30 cos 80/, we find that 
vi = -2400 cos 807 - 1200 sin 807 


-a/2400 2 +1200 2 cos 


f 


807 - tan 


, 1200 


A 

2400 j 


-2683 cos (807-26.57°) V 


(b) 


= ~L, 



dt 


di x 

dt 


Substituting in /) = 30 sin 807 and h = 30 cos 807, we find that 
vi = 7200 sin 807 + 1200 cos 807 


= a/7200 2 +1200 2 cos 


( 

807 - tan -1 

V 


7200" 
2400 j 


7299 cos (807- 80.54°) V 
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5. 


( di di 
(a) Vl -- L — + M 

1 { 1 dt dt) 


Substituting in i\ = 3 cos 800/ nA and h = 2 cos 800/ nA,we find that 

- [-(22 x 10 6 )(3)(800) x 10 9 sin 800t - (5 x 1 (T 6 )(2)(800) x 10 9 sin 800/] 


v, =- - 


60.8 sin 800/ pV 


(b) v 2 = + 


T di** . di i 

L 2 — + M — 
dt dt 


Substituting in i\ = 3 cos 800/ nA and h = 2 cos 800/ nA,we find that 
v, =-(15x10 6 )(2)(800)x 10~ 9 sin800/-(5x 10 6 )(3)(800)x 10 9 sin800/ 


36 sin 800/ pV 
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6 . 


8 — + 0.4 = 5e~‘ 

dt dt 


0.4 —+ 8—= 3c~ 2 ' 
dt dt 


[ 1 ] 


[ 2 ] 


Let i ] = ae ‘ + be zt and i 2 = ce 1 + de 2t 


Then from Eq. [1] we have 

-8a-0.4c = 5 [3] and -16b-0.8d = 0 [4] 

And from Eq. [2] we have 

-0.4a - 8c = 0 [5] and -0.8b-16d = 3 [6] 

Solving, we find that a = -0.6266, b = 0.0094, c = 0.03133, and d = -0.1880 


(a) ^ = —[-0.6266 e' + 0.0094A 2 '] = 
dt dt 1 J \ 


0.6266c'-0.0188e 2 ' A/s 


(b) = —[0.0313e~ r -0.1880A 2 '] = 

v 7 At AtV- J 


dt dt 


-0.0313c'+0.376c A/s 


(c)| /j =-0.6266e ' + 0.0094c 2/ A 
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7. 


f 


di , . _ di 


\ 


-2 —+ 1.5—- 

v dt dt j 


xlO =2e~ 


[ 1 ] 


( 


-1.5 —+ 2— 
v dt dt j 


= 4e 


[ 2 ] 


Let /, = ae ' + he 3/ and i 2 =ce ' +de 


Then from Eq. [1] we have 

2a- 1.5c = 2xl0 3 [3] and 6b-4.5d = 0 [4] 

And from Eq. [2] we have 

1.5a - 2c = 0 [5] and 4.5b - 6d = 4xl0 3 [6] 

Solving, we find that a = 2286, b = -1143, c = 1714, and d = -1524 


(a) — = —[2286A' -1143A 3 '] = 
dt dt L J 


-2286A'+3429A 3 ' A/s 


(b) ^ f 1714e“' -1524e^ 3 ' "1 J— 1714e“' + 4572A 3 ' A/s 

dt dt 1 J ' - 


(c) / 2 = 1714A'+4572A 3 ' A 
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8 . 

(a) 


(b) 


(c) 


-V 2 = ./co 0.4 1Z0 

V 2 =-yl007ix0.4xlZ0 =126Z90°V 
Thus, v(/) = 126 cos (10071/ + 90°) V 


Define V 2 across the 2-H inductor with + reference at the dot, and a clockwise 
currents Ii and I 2 , respectively, in each mesh. Then, 

V = -V 2 and we may also write 

V 

V 2 =jcoL 2 h + joMh or -V = jco L 2 — + jcoM 
Solving for V, 

— ( 7 1 00tt) (0.4) _ 125.7Z-90 0 _ 125.7Z-90 0 


1 +(7l00^)(2) 


1 + y’62.83 


62.84Z89.09 0 


= 2.000 Z-179.1° 


Thus, 


v(/) = 2 cos (1 00 ti/ - 179.1°) V. 


Define Vi across the left inductor, and V 2 across the right inductor, with the “+” 
reference at the respective dot; also define two clockwise mesh currents Ii and I 2 . 

Then ’ V, = /col, /, + joi MI 2 

V 2 = j(oL 2 1 2 + ja)M /, 

Now/, =- 4 — 1 and V out =-V 2 

V 

and I-, = out 


10 


=> V ] ycoZ,, 

-K«, = Jah 

iml 


IZO-Vj 


10 

j COT, -yroM 


+ j(s)M 


V 

+ j(oM - 
10 

1Z0-^ 


EQN 1 
EQN 2 


4 

j(»M 


-1 + 


10 

juL 2 


4 10 

1-/39 -j 12.6 

y'31.4 -1 + y'62.8 




ycof, 1Z0 


K 


4 


lK ut \ 


joM 1Z0 



4 


K 

V n ,„ 


39.3 j 
31-4 j 


Solving, we find that V out (= V) = 1.20 Z -2.108° V and hence 


v(/) = 1.2 cos (10071/- 2.108°) V. 
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9. 

(a) 


100 = (50 + 7200)1, + y'300I,,(2000 + y500)I 2 + y'300I, = 0 


.'. I, =— J —, 100 = 


.-.100 = 


20 + y5 
900 + 74250- . - 


50 + 7'200 + 


900 

20 + 75 , 


20 + 75 

1 


I, I, =0.4745' Z-64.01° A 


:.F SabS = — x 100x0.4745 cos 64.01° = 


-10.399 W 


(b) 


50 


1 

2 


x 50x 0.4745 2 = 5.630 W, P 2000 


— x 2000 x 0.4745 2 x 
2 



20 + 75 


4.769 W 


(c) 

(d) 


0 each 
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10. i sl = 41 A, i S2 = 107 A 


(a) v ag = 20 x 

(b) v cg = -4x 



(c) v bg =3x10 + 4x4-6x4 = 30 + 16-24 = 


22 V 
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11 . 

(a) 


^ah,oc 


100 


-(-7300) = 145.52Z-165.96 0 V 


50 + y200 

100 = (50 + y'200) \ + y'300I 25C ,y500I 2SC + y'300I[ = 0 


• T = T 

• • ^ -SC’ 


100 = 


(50+ y‘200) 


f sA 


V 


+ y300 


I 25C I 2SC =1-1142Z158.199° A 


■ • ^th ^ab,bc ! ^2 SC 


145.52Z-165.96 C 
1.1142^158.199° 


= 130.60Z35.84° = 


105.88 + y‘76.47Q 


(b) Z £ =105.88-y‘76.47Q .'A = 


,-.p =Ix0.6872 2 x 105.88 = 

L/ ITlaX ^ 


145.52 

2x105.88 


= 0.6872 A 


25.00 W 
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12 . 

KVL Loop 1 100 ZO = 2(1 1 -1 2 ) + jcol (Ii - I 3 ) + jcol (I 2 -1 3 ) 

KVL Loop 2 2(1, - Ii) + 101, + jcA (I, - I 3 ) + jcol (Ii - I 3 ) = 0 

KVL Loop 3 5I 3 + jcol (I 3 - h) + jcol (I 3 -1 2 ) + joA (I 3 -1 2 ) + jcol (I 3 - Ii) = 0 

.'. LINEAR EQUATIONS 


2 + jcol 

-2 + jcol 

-jco5 

V 


"100Z0' 

-2 + jcol 

12 + jco4 

-jco6 

h 

= 

0 

-jco5 

jcol 

5 + yll. 

_h_ 


0 


Since co=2nf= 2ti( 50) = 314.2 rad/s, the matrix becomes 


“ 2 + 7 942 .6 

-2 + 7628.4 

— y 1 57 1 ■ 

I. 


"100Z0" 

-2 + y'628.4 

12 + 71257 

-71885 

I 2 

= 

0 

-71571 

7'628.4 

5 + 7'3456 



0 


Solving using a scientific calculator or MATLAB, we find that 

Ii = 278.5 Z -89.65° mA, I, = 39.78 Z -89.43° inA, I 3 = 119.4 Z -89.58° mA. 

Returning to the time domain, we thus find that 

ijt) = 278.5 cos (1007it- 89.65°) mA, i 2 (t) = 39.78 cos (1007tt- 89.43°) mA, and 
hit) = 119.4 cos (IOOtU- 89.58°) mA. 
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10t 2 u(t) 

r + o.oi 


0 .01/' 5 :.i' s 


1000/ 2 
/ 2 + 0.01 


u (/) 


v z =0.015/',= 
.'. i c = 100x10 


15/ 2 

/ 2 + 0.01 
6 v' v = 10 


u(t), 100v z = 

A d_( 15 1 2 
dt v / 2 +0.01 


1500/ 2 
r+ 0.01 


u{t) 


u(t) 

J 


15x10 4 


{t 2 + 0.01)2/~/ 2 x2/ 

(r + o.oi ) 2 


■ K in-4 0.02/ 
z c =15xl0 —-- 


(/ 2 + 0 . 01) 2 
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(a) 

v A ( t ) = Lji j - Mz v B ( t ) = LjZ j - Mz' 2 + L 2 z j - MzJ 




(b) 

ViO) = jcoL\ I A + joM(\ a + I A ) 

V 2 (jco) = jcoL 2 (Ib + Ia) + joMl A 
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15. 

(a) 


(b) 


100 =j5o.)(\\ -1 2 ) + y3 fill 2 + 6(1, -1 3 ) [1] 

(4 + y'4<y)I 2 + j3co(l\ - 1 2 ) + j2co (I3 - 1 2 ) + y'6<z>(I 2 - 13) — j2co I 2 + y'5ni (I 2 - Ii) 
—j3co I 2 = 0 [ 2 ] 

6 (I 3 - Ii) + y6ty (I 3 -1 2 ) + j2oj I 2 + 5 I 3 = 0 [3] 

Collecting terms, 


(6 +y‘5<y) Ii -y2ryl 2 - 6 I3 = 100 
-y’2<y Ii + (4 + y5ni) I 2 -y4n> I3 = 0 
-6 Ii -y 4 <y I 2 + (11+ j 6 a>) I3 = 0 


For (0=2 rad/s, we find 
(6 + y 10) Ii —j4 I 2 - 6 I 3 = 100 
-j4 I, + (4 + yl0) 1 2 -y'8 I 3 = 0 
-6 Ii -78 I 2 + (11 + y 12) I 3 = 0 
Solving, I 3 = 4.32 Z-54.30° A 


[ 1 ] 

[ 2 ] 

[3] 
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K = ./' mL i K +jo>M I h 

V h = j(oL 2 1 h + j0)M I 
R l +V a 

~ I] R,+j(oL ] I„+j(oMI h 
= I l R 1 + jo) L x /, - j(»M I 2 

V 2 = 


(b) Assuming that the systems connecting the transfonner are fully isolated. 

K, = j ®A l a + J^ Ml b I a = 

K = J 0) L 2 1 h + j(»MI a I h = -I 2 

V,=Iy R~V a 

= /, R- /0)L l I 

= /j R + ycoZj /, + j coM I 2 

V 2 = 


V b +I b R 2 

I R 2 + /m L 2 I h + /0)M I a 
~/ 2 R 2 -j(,)L 2 1 2 -j(»M /, 


i 2 R 2 -v b 

I R, ~ jo)L 2 I h - jd)M I 
I2 R 2 + ./(>'> A 12 - j(OM /j 
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17. 

(a) 


Z 


— 2 + y'roO. 1 + 


co 2 (0.2) 2 

5 + y'co0.5 


„ . n , 5 oi 2 (0.2) 2 

2 + ycoO.lH—-- 


y'co0.5 or(0.2) 2 


5 2 +(co0.5) 2 5 2 +(co0.5) 2 


= 2 + - 


0.2co 2 


25 + 0.25ro- 


+ ./'« 


0 . 1 - 


0.02co 


25 + 0.25or 




(c) 


Z in (jco) at o= 50 is equal to 2 + 0.769 + y(50)(0.023) 


2.77 + y’1.15 Q. 
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18. 


Z in ~ Z \\ + 


o) 2 M 2 


co 2 M 2 


= yco50xl0 + 


z , n =7'co50x10^ + ?2 
co 2 M 2 8 


8 + ycolOxlO 

co 2 M 2 8 


8 2 +(col0xl0 3 ) 2 


+ yco 


y'colOxlO co'M 
8 2 +(colOx 10 j ) 2 8 2 +(col0xl(T 3 ) 2 

10x10 3 co 2 M 2 


50x10 -- 


- 3\2 


8 +(colOxlO ) 


In this circuit the real power delivered by the source is all consumed at the speaker, so 

1 

^ X 0 _ 

20 


V 

p — _ rn 


R 


■3.2 = 


co 2 M 2 S 


co 2 M 2 8 


8 2 +(col0xl0 3 ) 2 2x3.2 


V2j 8 2 (col0xl0 3 ) 2 
20 2 

62.5 W 
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19. 

(a) 


i sl = 2 cos 107 A, i S2 = 1.2 cos 107 A 

v, = 0.6(-20 sin 1 Or) - 0.2(-12 sin 1 Or) + 0.5(-32 sin 1 Or) + 9.6 cos 1 Or 
.'. Vj =9.6cosl0r-25.6sinl0r = 27.34cos(10r + 69.44°) V 


(b) v 2 = 0.8(-12sinl0r)-0.2(-20sinl0r)-16sinl0r + 9.6cosl0r 


(c) 


51 


1 

2 ‘ 
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20 . 

V a =j(oS I a+j(o4 I b 

* V b = ./oil 01 b + jco4/ a = /oil 0 I b + y oi5/ c 
V c =j(o6 I c+j(o5 I b 

Also I = -I a =-I b = I c 

Now examine equation *. 

-j oil 01- yoi4/ = -j oil 01 + j oi5/ c 

.'. the only solution to this circuit is 1= and hence 

v{t) = 120cosoit V. 
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21 . 


100 = 7101,-7151, 

0 = 7200l 2 -7l5W15l i 
0 = (5 + 7l0) 1,-7151 

••• I = ^7^ X = A7 T ■■■0 = J200 


.-.0 = 


j 15 

.400 


j 3 

200 


1 + y 2 ) T — 

—- A 5 

A ) 


-715 + —— 1,-7151, I, = 


yl 18.33 +66.67 T 

- - I l 

715 


.-.100 = 


|(66.67 + 7118.33)- 5-7IO 


I, =(39.44 + 768.89) l L 


.-. I, = 1.2597Z-60.21°A 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to 
teachers and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 















www.elsolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Thirteen Solutions 


22. 

4 = 2cosl0r A, t = 0 


(a) 

a-b O.C. 

iv(0) = -x5x2 2 +-x4x2 2 =10 + 8 = 
2 2 

18 J 

(b) 

a-b S.C. 

to = 10, L = 2Z0° A, M = -Vl2=V3H 

2 



(j'30 + 5) L - j\ oV3 x 2, A L = j2 °^ =1.1390Z9.462°A L = 

5 + y'30 

4(0) = 1.1235 .-. w(0) = 10 + 8- V3 x 2x1.1235 + |x3xl.l235 2 


10 March 2006 


,1390cos(107 + 9.462°) A 


16.001 J 
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23. 

V 5 = 12Z0° V rms, to = 100 rad/s 


12 = ( 6 + 7 20) I, + 7 ' 100 ( 0 . 4 K) I 2 , (24 + 78 O) I 2 + 740KI, = 0 


. - = 3 + jlO - . 12 = 
-7'5K - 


(6+ /20) 3 + yl ° + 7'40K 
-7'5K 


I, 


.-.12 = 


.\P 


24 


18-200 + 760 + 760 + 200K 2 - . - _ - 76 OK 

-7'5K 2 " 2 _ -182 + 200K 2 +7'120 

60 2 K 2 24 _ 86,400 K 2 _ 

’ (200K 2 -182) 2 +120 2 ~ 40,000K 4 -72,800K 2 +47,524 


2.16K 2 


K 4 -1.82K 2 +1.1881 


W 
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24. 


M 


L1 = 2uH 


L2=80uH 


2Q 


ylOQ 


k = 


M 




co = 250k rad / s 


M = JZj7 2 =j2x 80x10^ 

= 12.6(J,H 

(0 2 M 2 R 22 , -jMWx. 

^in , — t o “r 


22 


'11 d2 


* 22+^22 


d2 , Y Z 

1V 22 " r ^ 22 


Z n = yx250xl0 3 x2xl(T 6 

= 70.5 

Thus, Z in = y0.5 + 19.8/404 —y!98/ 404 


i? 22 = 2Q 


X 22 =(250xl0 3 )(80xl0 6 ) 
= 20 


0.049 +y0.010Q 
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25. co = 100 rad/s 


(a) 


(b) 

(c) 


K, —> j50Q, K 2 -a- j20Q, 1H —» j 100Q 
100 = j200 \ - j 501 2 -j20L 
0 = (10 + /100)I 2 -y'50T, 

0 = (20 + 7100 ) 4 —j20\ 


I = ——— I], i 2 = ——— I, .-.10 = 


2 + 710 


f 


.-.10 = 


i+yio 

25 4 

- + - 


./20 — / 5 /5 , --./2 Jl 


1 + j] 0 2 + jlO 


A 


y20 + 

V i+y"io 2+710 


I, .-. I, =0.5833Z-88.92° A, I 2 = 0.2902Z-83.20° A, 
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26. 

(a) 



M 

k = 



\JL\L 2 

=> M = 

0.4^5 

= 

1.2H 


(b) 11 + 12 ~ 1 3 

=>*2=Wl 

-t -t 

= 5x10 t -4x 10 i ° 


(c) The total energy stored at t = 0. 

/j = 4/4 I 2 = IA 

1 , 1 

IT total = — Z/j /[ + — L, /j + AT | 2 /|/2 

= —x 5x16 + —xl.8x1-1.2x4x1 
2 2 

= 40 + 0 .9-4.8 
= 36.1J 
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27. 

K —» j'1000K^/L 1 L 2 , L, -> jlOOOLj, L 2 —> /1000L 2 

Ys = (2 + ylOOOLj) ij -jlOOOK 4 

0 = -j1000K^/L i L 2 X + (40 + 7'1000L 2 )T 2 

i nnn ,4/ T 40 + y'lOOOLj — 
co = 1000 rad/s .. I =--— , 1^ 

y'lOOOK^LjL, 

- _ (2 + 710001^X40 + 7I POOL,) +10 6 K 2 L,L 2 - 
71000k7^lT 2 

. y = _ jIQOQkVm^ _ 

" 2 80 + 7'40,000L 1 +72000L 2 -10 6 L 1 L 2 (l-K 2 ) 

V 2 _ 7 40, OOOK^/l^L^" 

'' 80-10 6 L,L 2 (l-K 2 ) + 7(40,000 Lj +2000L 2 ) 


(a) 


L, =10~ 3 , L 2 =25x10 3 , K = 1 



7~40 x 5 

80-0 + 7X40 + 50) 


7200 
80 + 7'90 


1.6609Z41.63 0 


(b) 


L, =1, L 2 =25, K = 0.99 ,\^ = 


740,000x0.99x5 


V 3 80 - 25x10 6 (1-0.99 2 ) + 7X40,000 + 50,000) 


V, 


7198,000 


V s 80-497,500 + 790,000 


0.3917Z-79.74 0 


(c) 


Lj =1, L 2 =25, K = 1 



7’40,000 x 5 
80-0 + 790,000 


7200,000 

80 + 790,000 


2.222Z0.05093 0 
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28. 

(a) 


L ab.cdoc 10 mH, L CD ABOC 5 mH 

L AB.CDSC = ^ 

Lj = 10 mH, L 2 =5 mH, 8 = 10-M + M||(5-M) (mH) 

.-.8 = 10-M+ M(5 ~ M) , .'. 5M = (10 - 8)5 + 5M - M 2 M = 3.162 mH (= VlO) 


.'. K = 


3.162 

V50 


K = 0.4472 


(b) Dots at A and D, /, = 5 A, w tot = 100 mJ 

lOOxlO -3 = — xlOxlO 3 x25 + —x5xl0 3 c 2 -VlO x5t, xl0“ 3 
2 2 

100 = 125 + 2.5*2 — 5VTo i 2 i\ -2>/io i 2 +10 = 0, 4 = ± ^ 40 ~ 40 = VlO 


u 


3.162 A 
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29. Define coil voltages v\ and v 2 with the “+” reference at the respective dot. 

Also define two clockwise mesh currents i\ and i 2 . We may then write: 

, dl , dl : 

v, = /, —- + M —- 

dt dt M = 

v 2 =L-,^- + M^~ co = 27 t60 rad / s 

dt dt 

or, using phasor notation, 

V\ =ja>L l I l +j(oMI 1 
V 2 = j®L 2 1 2 + j(,)M /, 

100Z0 = 50/, + yco/,/, + y'coM / 2 
-25 1 2 = J(dL 2 I 2 + j(_oM /, 

Rearrange: [50 + y'co/,]/, + j<s>MI 2 =100Z0 

ycoM/, [-25 + jcoL 2 ] I 2 = 0 


50 + j(j)L t 

jo)M 

V 


100Z0' 

j(!)lVI 

-25 + j(oL 2 



0 



We can solve for \ 2 and V 2 = -2512: 




PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to 
teachers and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 





















www.elsolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Thirteen Solutions 


10 March 2006 


30. 


/, = 2 cos 5007 A W max at t = 0 


. . W 


= —x4x2 2 + —x6x2 2 + 
2 2 


= 8 + 12 + 10 + 12 = 421 


— x5x2 2 +3x2 2 
2 
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2*/2 


(a) Reflected impedance 


0) Z M 


J 22 


Z 22 = 2 + 7Z32 u +joA0 2 where a>= IOOtt 


Thus, the reflected impedance is 4.56 -y'3.94 nQ (essentially zero). 


(b) Z; n = Zn + reflected impedance = 10 + y<y(20xl0 2 ) + (4.56 -y‘3.94)xl0 9 


10 + y'62.84 Q (essentially Z11 due to small reflected impedance) 
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32. 


Reflected impedance = 



orM 2 

3.5 + j {( 0 L 2 + X L ) 


We therefore require 1 + jco{3 x 10 3 ) = 
Thus, 


a> 2 10 6 

3.5 + j(l0 3 co + X L ) ' 


x L =-j 


co 2 lO ^ 6 


-3.5-710 


1 + >(3x10 3 ) 


-0.448 + y'3.438. 


This is physically impossible; to be built, Xl must be a real number. 
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33. 


M = 5 H. 


Li - M = 4 H, therefore 
L 2 - M = 6 H, therefore 


U = 9H 
L 2 = 11 H. 
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35. 




(a) 

All 

DC: 

Li 

(b) 

AB 

SC: 

Lt- 

(c) 

BC 

SC: 

V: 

(d) 

AC 

SC: 

Li 


= 2-1 = 1H 
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36. 

(a) 


(b) 


1 


15 + j^>co + 


/2fc>(20 + jco ) 

20 + jhco 


jlo) 


20 + j2>a> 



v s (t) = ioo»(o, 4(0) = o, 4(0) = o, j 1>2 = 145 ± ^ 1 22 ' 13,200 = ~ 2 - 570 ’ 


-10.612 


l L l Lf l Ln ’ ‘■Lf 


/ ;.i =Ae 


-2.Sit 


+ Be 


10.6U 


.'. 0 = A + B 


100 = 154+5z' s - 24, 0 = 204 + 3 i' L - 2z' At t = 0 + : 100 = 0 + 5/((0 + ) - 2 i' L (0 + ) and 
0 = 0 + 34(0 + )-24(0 + ) .-.4(0 + ) = 1.54(0 + ) .-.100 = 7.54(0 + )-24(0 + ) = 5.54(0 + ) 
.-. 4(0 + ) = 18.182 A/s .'. 18.182 = -2.57A - 10.61B = -2.57A + 10.61A = 8.042A 


.'.A = 2.261, B =-2.261, 4(0 = 2.26 l(e 


-2.S11 


-e 


- 10 . 612 1 


) A, t > 0 
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37. 


-r— - 


A 


it. 

-0 


zt 


x l ' - • v 
-nfP — 


tl-*’ 

'■(pn-4' '«y 

h 1 A 


Tj- L . T 


5 


rA 


At. -— 


-I —‘W- 

- 4 — 


-kg* 1 * —u—r 

-nm 


~ 0 


-rVV- 


fEzrPr 


4 


—t— i-<—e- 

ft~h ' 

, 1 f^r 1 - -*■ 


DU t_ 


4 Ji ' 


t*Ji U 


-— ^ 

J I — ^ ’ 




~9:^h 


-Z- g r + 


7>__ J_ 


tttr 

7 7 h 

i 




>/#J»— J -^-< 


, - £~, 6 


£ 


—f " 


(a) Open-Circuit 

Z™=j(o4 MQ 
Zoc B = 7®4 MQ 

(b) Short-Circuit 

Z^ = Z™ =-j(04MCl + 7Co8||./K)10MQ 

(c) If the secondary is connected in parallel with the primary 

Z[* A =~/(o4|-/oilO + 7018 MQ 
Z TxB = 70126 llycol 2- 70)8 MQ 
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38. Define three clockwise mesh currents Ii, I 2 , and I 3 beginning with the left-most mesh. 

V s = j8<yli -j4co 1 2 
0 = -4joj Ii + (5 + j6co) I 2 -j2coh 
0 = -j2 co I 2 + (3 +j co) I 3 

Solving, I 3 = jcol (15 +j\lco). Since V G = 3 I3, 

Yo_ = 

V s 15 + jl7<y 
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Engineering Circuit Analysis, 7 th Edition Chapter Thirteen Solutions 


L eq = 2/ 3 + 1 + 2 + 6/5 = 4.867 H 
Z (jcd) = 10y<y (4.867)/ (10 +joA.867) 
=j4Mlco/ (1 + y0.4867®) Cl. 
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40. 

co = 100 rad/s 
V s =100Z0° Vrms 


(a) Z ina _ b =20 + 7600 + 


(b) 


7400(10 - j 200) = 2Q + + 80,000 + j 4,000 


10 + ;200 


10 + 7200 



Z M , V, - o - ->200 + _ _ . 200 + -240, ooo + ys.ooo 


20 + 71000 


20 + 71,000 


40.19Z85.44°Q 
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41. Lj = 1 H, L 2 = 4 H, K = 1, co = 1000 rad/s 

- - 10 6 x 1 x 4 

(a) Z, =1000Q :.Z. = y'lOOCH--- 

L m y'4000 + 100 

(b) Z L =71000x0.1 .' 


24.98 + j 0.6246 Q 
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42. 

Lj = 6 H, L 2 = 12 H, M = 5 H 


#1, L 
#2, L 
#3, 
#4, 




#6, L 
#7, L 
#8, L 
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Z in ~ Z U + 


co 2 M 2 


^22 


22 


CO C 


■ = 31.83 => to = ■ 


1 


Z in = 20 + y'colOOx 1CT 3 + 


31.83xC 
ie. a 50Hz system 

(£> 2 k 2 L,L 


■ = 314 rad / 5 


1^2 


2-y31.83 


^ on • i nn i n-3 to 2 k 2 L 1 L 2 2 ja 2 k 2 L x L 2 3 1.83 
z. =20 + ycolOOx 10 + — —=———~— 

m 2 2 +31.83 2 2 2 +31.83 2 

493 .7840 

-J 


= 20+ 731.4 + 

1020 1020 
= 20 + /'31.4 + [0.483 - jl.69]k 2 


(a) Z.„ (A: = 0) = [20 + 731.4 Q 


(b) ZJk = 0.5) = ] 20,2 + /27.6~Q 

(c) ZJk = 0.9) = 

(d) ZJk = 1.0) = 


20.4 + 724.5 n 


20.5 + 723.7 n 
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44. T Lj -> 125 H, L 2 -a 20 H, K = 1, M = ^2500 = 50 HJcoM = j5000Q 


(a) 


(b) 


Z 


ina—b 


20 + , 7500 + > 5000(1 °-^ 000) 
10 + 72000 


= 20 + 77500 + 


15xl0 6 + 750,000 
10+72000 


82.499Z0.2170°Q 
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:.I X =1.56A 
^ J 2 =5x1.56 = 7.8A 
=>/ 3 =1.5x7.8^ = 11.7A 


Pm = l;R 

= 0.438" xlxlO" 


= 192W 


P(30Q) = I\R = (1.56 


= 73W 


x30 


=> P( in) = i;r = 7.8 2 x i 
= 60.8W 

=>P(4d) = I;R = 11.7 2 x 4 
= 548W 
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46. 

(a) 


R z sees 10x4“ = 160Q use R L = 160Q 


f ioo ^ 2 


L max 


V 20 y 


xlO = 


250 W 


(b) 


R l = 100Q 


I=T/4V=4V T = 

1 2 X 1 ' v 2 Vj . . L x 




40 


40 


r 


.-.100 = 10 


3Vl 

40 


I 3V 4V 

+y i ,-=—+— 

4 40 100 


.-.!,= 0.46V, .-. 100 = 10(0.46V,- 0.075V,) + V, =4.85 V, V, = 


100 

4.85 


.-. V, = 4V, = — = 82.47 V .-. P, = =) 68.02 W 


4.85 


100 
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47. 

_ V _ V _ 

1 2 =— Vj = 5V 2 

2 8 1 40 2 

.-. 100 = 300(C + 0.025) V 2 + 5 V 2 

100 


.-.V, =- 


12.5 + 300C 


(a) C = 0.-.V 2 =8V ..P l = — =8W 


(b) C = 0.04 .'. V 2 = 100 


24.5 


Pz = 


o 

o 

2 1 

U4.5; 

8 


2.082 W (neg .fdbk) 


= 100 


200 2 


(c) C = -0.04 .-. V, =-= 200 V .-. P, = 

0.5 8 


5000 W (pos .fdbk) 
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48. 


Apply V fl6 = 1 V \ = 0-05 A, V 2 = 4 V 


.'.4 = 60 I 2 +20x0.05 .-. I 2 
.'.^=0.2 A .'. \ = 0.25 A 


4-1 

-= 0.05 A 

60 


r>/i = 4 a V//,=o 
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49. 


PgCT!= 1000 W, P 100 = 500 W 


••• l L =. 


500 

Too 


= y/5 A, V L = l00y/5 V 


1000 = 10 a - v ioo- 40 = 60 V 
s 100 1 

Now, P 25 = 1000-500-10 2 x4 = 100W I v =. 


100 

'a 


= 2 A; also 


lx = by/ 5 = 2, b = —j= = 

s 


0.8944 


Around center mesh: 60 a = 2x25 + 100V5 - a = =|5~| 


0.8944 


60 
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50. 

(a) 


3x 


r a\ 


W2 


16 16 22 22 , 

= — Q, — + 2 = — Q, —(3) 2 = 66 Q 
3 3 3 3 


66 + 25 = 91Q 


100 

91 


1.0989Z0 0 A = I, 


(b) 

(c) 

(d) 

(e) 
(0 


I 2 = 31, =|3.297Z0° A 
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51. 

Vj = 2.5 V 2 , \ = 0.4l 2 ,]j 0 = I 2 + 0.1 V 2 

.-.60 = 40(0.41) -2.5V, = 6 ° + 2-5 Vz 

16 

Also, 60 = 50 (I 2 + 0.1 V 2 ) + V 2 = 50l 2 + 6 V 2 


.-. 60 = 50 


60 + 2.5 V 2 
16 


+ 6 V 2 =187.5+ (7.8125+ 6) V 2 


. - _ 60-187.5 
2 ~ 13.8125 


-9.231V 
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52. 


400 


= 16 O, 16 II 48 = 12Q, 12 + 4 = 160 


1| = 4Q .'.I = —= 2 A .'. P, = 4 W 

2 2 s 4 + 1 1 


■ = 1 A .'. P, =4 W, 10-2x1 = 8 V 


8x2 = 16 V, 16-4x1 = 12 V, 12 2 /48 = 3 W = P 48 , 12x5 = 60 V 


P = 

1 400 


60 

400 


9 W 
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53. 

I,=2I 2 ,2I,=I,+Iv •M i +I,-2I 2 =0 

100=31,-A(4I 2 +20I 2 -20I,) 

.-.101,-31,-121, =-100 
100 = 3 I, -51, +201,-201, 

.'. 251,-31,-201, =-100 


0 

1 

-2 



100 

-3 

-12 



100 

-3 

-20 

0 + 1001-26)-1001-18) 

-800 


1 

1 -2 

1(60 - 36) -10(-20 - 6) + 25(—12 — 6) -166 

10 

-3 -12 


25 

-3 -20 



10 March 2006 


4.819 A 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to 
teachers and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 










www.elsolucionario.net 


Engineering Circuit Analysis, 7 th Edition 


Chapter Thirteen Solutions 


54. 

(a) 


50||l0 = yQ .•.V^=lx4x| = My 


* P = 

• • 1 10 AB 


100 " 

. 3 J 

25 


Vro =lx3x — 



(b) Specify 3 A and 4 A in secondaries 


I,,=I/+4 

■'■y(I / +4) = y(-I / -3) 

:.2I f =-7, l f =-3.5 A 

25 25 

•••V„=V Cfl =—(-3.5 + 4) = —V 
3 6 


• p =p 

• • ^ io ab Mocn 


"25" 

V 6 J 


To 


1.7361 W 
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55. Corrections required to the problem text: both speakers that comprise the load 

are 4-Q devices. We desire a circuit that will connect the signal generator (whose 
Thevenin resistance is 4 Q) to the individual speakers such that one speaker receives 
twice the power delivered to the other. One possible solution of many: 



We can see from analysing the above circuit that the voltage across the right-most 
1 732 

speaker will be ^ _ or -Jl times that across the left speaker. Since power is 

proportional to voltage squared, twice as much power is delivered to the right 
speaker. 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to 
teachers and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 












www.elsolucionario.net 


56. 


Engineering Circuit Analysis, 7 th Edition 


Chapter Thirteen Solutions 


10 March 2006 


(a) We assume V seC ondary = 230Z0° V as a phasor reference. Then, 
8000 


I 


unity PF load ” 


i 


230 

15000 


-Z0° = 34.8Z0 0 A 


and 


0.8 PF load ■ 


230 


z(- cos -1 0.8)= 65.2Z -36.9° A 


Thus, I, 


230 


primary 


(34.8Z0 0 + 65.2Z -36.9°) 


2300 
= 0.1 (86.9 —j 3 9.1) 


9.5 Z-24.3 0 A 


(b) The magnitude of the secondary current is limited to 25x107230 = 109 A. 
If we include a new load operating at 0.95 PF lagging, whose current is 

Io.95 PF load = | Io.95 PF load | Z (-COS 1 0.95) = | Io.95 PF load | Z -18.2° A, 

then the new total secondary current is 

86.9— j'39.1 + I Io.95PFload | COS 18.2° -y | Io.95PFload | sin 18.2° A. 

Thus, we may equate this to the maximum rated current of the secondary: 


109 --^(86.9 + 11 095PFIoad | cos 18.2 0 ) 2 + (39.1 + | I 095PFload | sin 18.2°) 
Solving, we find 


I 


■ 189 ± -Jl89 2 + (4)(2800) 


0.95 PF load 


So, II 0.95 pf load | = 13.8 A (or -203 A, which is nonsense). 

This transformer, then, can deliver to the additional load a power of 


13.8x0.95x230= 3 kW. 
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57. After careful examination of the circuit diagram, we (fortunately or unfortunately) 

determine that the meter determines individual IQ based on age alone. A simplified 
version of the circuit then, is simply a 120 V ac source, a 28.8-kQ resistor and a 
(24 )Ra resistor all connected in series. The IQ result is equal to the power (W) 
dissipated in resistor R A divided by 1000. 


P = 


120 

v 28.8x 10 3 +576R 


A 2 


aJ 


x 576 R a 


Thus, 


IQ 


1000 


120 


28.8x10 +576x Age 


x 576 x Age 


(a) Implementation of the above equation with a given age will yield the “measured” 
IQ. 


(b) The maximum IQ is achieved when maximum power is del ivered to r esistor R 


which will occur when 576 R a = 28.8x10 , or the person’s age is | 50 years. 


-A, 


(c) Well, now, this arguably depends on your answer to part (a), and your own sense 
of ethics. Hopefully you’ll do the right thing, and simply write to the Better Business 
Bureau. And watch less television. 
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58. 


We require a transformer that converts 240 V ac to 120 V ac, so that a turns ratio of 
2:1 is needed. We attach a male european plug to the primary coil, and a female US 
plug to the secondary coil. Unfortunately, we are not given the current requirements 
of the CD writer, so that we will have to over-rate the transformer to ensure that it 
doesn’t overheat. Checking specifications on the web for an example CD writer, we 
find that the power supply provides a dual DC output: 1.2 A at 5 V, and 0.8 A at 12 V. 
This corresponds to a total DC power delivery of 15.6 W. Assuming a moderately 
efficient ac to DC converter is being used ( e.g. 80% efficient), the unit will draw 
approximately 15.6/0.8 or 20 W from the wall socket. Thus, the secondary coil 
should be rated for at least that (let’s go for 40 W, corresponding to a peak current 
draw of about 333 inA). Thus, we include a 300-mA fuse in series with the 
secondary coil and the US plug for safety. 
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59. 


You need to purchase (and wire in) a three-phase transformer rated at 
(V3)(208)(l0) = 3.6 kVA. The turns ratio for each phase needs to be 400:208 or 
1.923. 
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60. (a) The input to the left of the unit will have the shape: 



and the output voltage will be: 



We need to reduce the magnitude from 115-V (rms) to a peak voltage of 5 V. The 
corresponding peak voltage at the input will be 115-V2 = 162.6 V, so we require a 
transformer with a turns ratio of 162.6:5 or about 32.5:1, connected as shown: 



a = 1/32.5 


( b) If we wish to reduce the “ripple” in the output voltage, we can connect a capacitor 


in parallel with the output terminals. The necessary size will depend on the maximum 


allowable ripple voltage and the minimum anticipated load resistance. When the input 
voltage swings negative and the output voltage tries to reduce to follow, current will 
flow out of the capacitor to reduce the amount of voltage drop that would otherwise 
occur. 
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(e) v(t) = 8 + 2 cos t mV cannot be attributed a single complex frequency. In a circuit 
analysis problem, superposition will need to be invoked, where the original function v(t) 
is expressed as v(t) = vi(Q + V 2 (t), with v\(t) = 8 mV and V2(0 = 2 cos t mV . The complex 


frequency of v\{t) is s = 0, and the complex frequency of v 2 (t) is s = + 2 s' 1 . 
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4. (a) (6 -/)* = 6 + / 

(b) (9)* = @ 


(c) (-j30)* = +/-30 

(d) (5 e 7 ' 6 )* = \Ye +j6 



18.44 Z77.47° 
3.477 Z-16.72° 


= 5.303 Z 94.19° 


(g) 


f 5 zo.r ^ 

r 

l 4-77 J 

V 


5 zo.r 


8.062Z-60.26° 


(o.6202Z60.36° 


(h) (4 - 22 Z 92.5°)* = (4 + 0.9596 -j2 1.98)* = (4.9596 
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5. Q= 9Z43° juC, s = j20ft. Thus, q = 9cos(20;zT + 43 o ) juC. 
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7. 

(a) 


Re{ i(7)} = 7(7) . No units provided. 


4(0 = (4-i'7)e 


(-3+./15); _ 


(8.062Z-60.26°) e~V 15 ' = 8.062c~ 3 c 


-3; 7(15;-60.26°) 


z (7) = Re 4(0 = 8.062c 3 ' cos(l57-60.26°) 


(b) 7 (7) = (4 + jl)e 3 '(cos 157 - j sin 157) = 8.062e 3 'c 


—3; -7I5/+76O.26 0 


7 V (7) = 8.062c 3 ' cos(l57 - 60.26°) 


(c) i A (t) = (5 - j8)e ( ~ L5t+J12)t = 9.434e- j5799 °e~ 15 ‘e jl2t = 9.434e~ l5t e j025 ~ 57 -" O) 

Re T a (0.4) = 9.434c 06 cos(4.8 rai? -57.99°) = 1-4.134 


(d) i B = (5 + j8)e ( ~ h5+J12)t = 9.434e J57 "°e~ 15t e~ jl2t = 9.434e~ L5, e~ J(12t - 57 "° ) 

Re 4(0-4) = 


-4.134 
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8 . 


(a) <x>= 279 Mrad/s, and co= 2 7if. Thus,/= (dI2tz= 


44.4 MHz 


(b) If the current i(t) = 2.33 cos (279xl0 6 t ) fA flows through a precision 1-TQ resistor, 
the voltage across the resistor will be 10 ~ i(t) = 2.33 cos (279x10 t) mV. We may write 
this as 0.5(2.33) cos (279xl0 6 t) + j (0.5)2.33 sin (279xl0 6 t) + 0.5(2.33) cos (279xl0 6 t) 
-j (0.5)2.33 sin (279xl0 6 t) mV 


1.165 e J219xW6t + 1.165 e - j279xl06t mV 
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9. (a) v s (0.1) = (20 -/30) e ( - 2+/50)(0 ' l) = (36.06 Z -56.31°) e ( - (L2+j5) 
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Z-129.8 0 V). 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers 
and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 







www.eisolucionario.net 


10 . 


Engineering Circuit Analysis, 7 th Edition 


Chapter Fourteen Solutions 


10 March 2006 


Le *'>™< = iy'- 


(a) v c ( t) = Ri + L — , so Vo ( t) = Ri f „„. + Z ' Jolced , a superposition of our actual 

5 dt forced f dt 

voltages and currents with corresponding imaginary components. 


Substituting, 10Z3° e st = R\e' + Lse'\ [ 1 ] 

T 10Z3° 10Z3° 

or 1 


R + sL 100+ (-2 +710)2x10 
Thus, i(t) = Re{Ie s( } = 0.1e“ 2? cos (lOf + 2.99°) A. 


= 0.1Z2.99 0 


(b) By Ohm’s law, 


vi(t) = 100/(0 = 10 e ~ 2t cos (10/ + 2.99°) V. 


We obtain v 2 (/) by recognising from Eq. [1] that V 2 e s ' = Tse s 'I, 
or 

V 2 = (2xl0“ 3 )(-2+yT0)(0.1Z2.99°) = 2.04Z104.3 0 mV 


Thus 


v 2 (/) = 2.04e _2 'cos (10/ + 104.3°) mV 
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11. (a) Let the complex frequency be cr+ ja>. V = V m Z 0. I = I m Z 0 


RESISTOR 


v = Ri 

V e at e j{cot+e) = RI e at e j(m,+e) 

Thus, vze=Rize 

‘ m m _ 

which defines an impedance R. 


or 


\ = R1 


INDUCTOR v(t) = L — . Let / = I m e st = I m e m e j{m+e) . 

dt 

v(t) = (cr + joj)LI m e at e J(at+ff) = V m e at e j(o,,+e) 

Thus, V m ZQ = (o + jco)LI m Z0 or V = Z,I 


which defines 


an impedance Z L = s \L= (cr + joo)L. 


CAPACITOR i(t) = C— . Let v = V m e*‘ = V m e a, e j((0t+ ^. 

dt 

i(t) = (cr + joj)CV m e at e jia+e) = I m e at e Kcot+e) 

Thus, I„Z$ = [(a + ja)C](V m Z$) or V = Z C I 


which defines 


an impedance Zc = 


1 


1 


(cr + j cd)C sC 


(b) 


Z R = 100 Q. Z l = (-2 + yl0)(0.002) = 20.4Z101.3 0 Q 


(c) Yes. 


Z R —> R\ Z z —> jcoL, Z c —> . 

jcoC 
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(a) s = 0 + y'120;r = + y'120;r 


(b) We first construct an s-domain voltage V(s) = 179 Z 0° with s given above. 

The equation for the circuit is 

v(t) = 100 i(t) + L —= 100 i(t) + 500xl0" 6 — 
dt dt 

and we assume a response of the form Ie sl . 

Substituting, we write (179 Z 0°) e M = 100 Ie s ' + sL le* 

Supressing the exponential factor, we may write 

179Z0 0 179Z0 0 179Z0 0 

= --= - r - n = -= 1.79 Z-0.108° A 

100 + s500x 10‘ 6 100 + yl20^-(500xl0- 6 ) 100Z0.108 0 

Converting back to the time domain, we find that 

i(t) = 1.79 cos (120^- 0.108°) A. 
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13. 

(a) v s =10Z 2 'cos(l 07 + 30°) V 5 = -2+ >10, V, = 10Z30° V 


Z =■ 


10 


-2 + j\ 0 -1 + /5 26 


\-j5_-5-j25 - ,| 5= (—25 — y 125)/26 


26 


(-5-725 + 130)/26 


Z I 5 = ■ 


-25-/125 -I -75 


125-y25 5-/1 


= -yl .-. Z in = 5 + 0.5(-2 + y'l 0) - jl = 4 + J4 n 


. j _ 10Z30° ;; (—5 —y25)/26 


.-. I = 


1QZ3Q 0 -5-J25 _ 5Z30° -5-7'25 _ 1Z30° -l-7'5 

4 + 74 5 + (-5-j25)/26 4 + j4 130-5-y'25 ~ 2 + j2 \25-j25 ~ 2 + j2 5-jl 
1Z30° 


2V2Z45° 


(-71) = 


0.3536Z-105°A 


(b) 4(7)= 0.3536e 2 'cos(107-105°) A 
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14. 


(a) s = 0 + 7 ' 100 ^= + y'100;r 


(b) We first construct an s-domain voltage V(s) = 339 Z 0° with s given above. 
The equation for the circuit is 

v(t) = 2000 i(t) + v c (t) = 2000 + v c (0 = 0.2^ + v c (t) 

dt dt 


and we assume a response of the form Vce s/ . 

Substituting, we write (339 Z 0°) e st = 0.2s Vce sf + Vce sf 
Supressing the exponential factor, we may write 


339Z0 0 339Z0 0 339Z0 0 

= = u = s / .80 0Q° A 

l + 0.2s 1 + 7100 ^( 0 . 2 ) 62.84Z89.09 0 


Converting back to the time domain, we find that 

v c (0 = 5.395 cos (100^-89.09°) V. 

and so the current is i(t ) = C-^- = -0.1695 sin(100;z7 - 89.09°) A 

dt 

= 169.5 cos (100^7+ 0.91°) mA. 
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15. i si =20e 3 'cos 47 A, i S2 =30e 31 sin 4t A 

(a) T s , = 20Z0°, l S2 = - 7 30, s = -3 + j4 

■■ Z, = = 0.4(—3 - J4) = -1.2 - Jl . 6 , Z L = -6 + 78 

. v ., n 5gjlM , ~ 6 + ^ 8 ..,„ (-6 + j8)(3.8-;1.6) 

-2.2 + 76.4 -7.2 + 76.4 7 -2.2 + 76.4 

_ -600 + 78 OO -7'30(-22.8 +12.8 + 730.4 + y9.6) _ -600 + ./800-./30(-10 + 7 AO) 


-2.2 + 76.4 

600 + 1200 + 7 IOOO _ 600 + 7 IOOO 
-2.2 + 76.4 ~ -2.2 + 76.4 


-2.2 + 76.4 


185.15~Z -47.58° V 


(b) v x (t) = 185.15 e 3 ' cos(47 -47.58°) V 
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(a) If v(l) = 240 V2 e' 2 ' cos 120711V, then V = 240 V2 Z0° V where s = -2 + y'120;r. 

0 . „ „ ^ , . . , T 240V2Z0 0 

Since R = 3 mi 2, the current is simply I = 


/(I) = 


113.1e‘ 2t cos 120711 kA 


3x10" 


= 113.1 Z0° kA. Thus, 


(b) Working in the time domain, we may directly compute 
7 ( 1 ) = v(l)/3xl0' 3 = (240V2 e' 2; cos 120ti 1 )/3xl0' 3 


113.1e' 2t cos 120 ti 1 kA 


(c) A 1000-mF capacitor added to this circuit corresponds to an impedance 

— = ---— = --- Q in parallel with the 3-mQ 

sC (-2 + yl20^)(1000xl0 3 ) - 2 + y'120;r 

resistor. However, since the capacitor has been added in parallel (it would have been 
more interesting if the connection were in series), the same voltage still appears across its 
terminals, and so 


7(1) = 113.1e' 2t cos 120 ti 1 kA 


as before. 
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L {K u(t)} = | Ke sl u(t)dt = e s, u(t)dt = e s, dt 


-K 




s 


= lim 

t —>co 


-K 


(K _ s ^ 

+ lim —e 

y s j 


If the integral is going to converge, then limle s ') = 0 (i.e.s must be finite). This leads 
to the first term dropping out (!’Hospital’s rule assures us of this), and so 


l_{if u(t)} 


K_ 

s 
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( <*00 l »00 <*00 - A 

(a) L{3 w(7)} = [ 3 e s ‘u(t)dt = 3[ e sl u(t)dt = 3[ e ~ s 'dt = —e 

J(T Jo - Jo c 


lim 

t-> co 


— £>-“] + lim 
s J 0 


— e 

V s 


If the integral is going to converge, then limle “ ) = 0 (i.e.s must be finite). This leads 

^ t-> oo V 7 

to the first tenn dropping out (l’Hospital’s rule assures us of this), and so 


L{3 u(t)j = 


(b) L{3w(t-3)} = r3e s, u(t-3)dt = 3f e~ sl dt = —e 

JO J 3 c 


lim 

f -3 ) 

—e s ' 

+ 


t —>00 

l s ; 


U ) 


If the integral is going to converge, then limle “1=0 (i.e. s must be finite). This leads 

^ t-> oo V 7 

to the first tenn dropping out ( 1 ’Hospital’s rule assures us of this), and so 


L{3 u(t-3)} = 


(c) 


le~ 

s 


L{3 2 /(z t — 3) — 3} = J [3w(t-3)-3]e sl dt = 3| e *'dt-3^ e sl dt 

-3 


-3 


Based on our answers to parts (a) and (b), we may write 


L{3m(I- 3)-3} = —e~ 3s - - = 

He- -l) 

s s 

s 


(d) 


L{3k(3-0} = 3jV s 'w(3 -t)dt = 3 fe*dt = 


-3 


-3 

s 


( -3s A 

3 tl -3.) 

\ e ~ 1 J = 

~{\-e ) 

1 

s 
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(a) L{2 + 3k(0} = fV s '[2 + 3 u(t)]dt = [*5 e~ s, dt = —e 

Jo Jo c 


lim 


-5 ^ 
—e 


0 v s 


s ' + lim 


Vs 9 

If the integral is going to converge, then lim(e~ s ') = 0 (i.e.s must be finite). This leads 
to the first tenn dropping out (1’Hospital’s rule assures us of this), and so 

L{2 + 3m(0} = 


(b) L {3 e ' 8 ‘} = f ™3e %t e«dt = f°°3 e^'dt = —e 
v 7 7 J O’ J o’ «_i_ S 


3 -(8+s)f 


lim 

t —>00 


-3 
s + 8* 


-(s+8); 


+ lim 

t-> 0 


\ 


-(s+8)/ 


s + 8 


0 + 


s + 8 
3 

s + 8 


s + 8 


(c) l_{w(-t)} = £ e *'u(-t)dt = £ e sl u(-t)dt = £ (0)e s 'dt = | 0 | 


(d) \-{K) = jj Ke % ‘dt = K^e s ‘dt = K^e sl dt = —e 


= lim 


-K 




+ lim 

t —^ 0 


K _ s 

— e 

v s ; 


If the integral is going to converge, then limle “ ) = 0 (i.e.s must be finite). This leads 
to the first tenn dropping out (!’Hospital’s rule assures us of this), and so 


L« - 


K 

s 
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20 . 


(a) The frequency-domain representation of the voltage across the resisto r is (l)I(s) 


where I(s) = L {4 e' 1 u(t)} = - A. Thus, the voltage is 


s + 1 


S + 1 


V. 


(b) 



sigma 
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21 . (a) 


L {5 u(t)-5 u(t — 2)} = J [5 u{t)-5 u(t- 2)]e *‘dt 


i* 00 „ r 00 

-5 

00 

5 

f e dt - 5[ e dt = 

^ -St 

— e 


— el 

+ -<? 

JO J 2 

s 

0 

S 


l im 

t-> oo 


V (5 A 

+ lim 

t-+ o 




—e 

Vs ) 


+ lim 

t —^ co 


-5 


— e 

v s y 


s y 


If the integral is going to converge, then 1 im [e “1 = 0 (i.e.s must be finite). This leads 
to the first and third terms dropping out (THospital’s rule assures us of this), and so 

L {5 u(t)-5 u(t-2)} = - (l- 

s v 

(b) The frequency domain current is simply one ohm times the frequency domain voltage, 
or 
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22 . 

(a) 

(b) 

(c) 


fit) = t +1 .'. ¥{s)=[ (t + \)e- { ° +ia], dt 

J 0 


a > 0 


f(t) = (t +1 ) fit) F(s)= fit+ \)e- (Q+]a) ’dt 

J 0 


a > 0 


f(t) = e 01 fit) F (s) = r e 501 e^ +ja) ‘dt 

J 0 


a > 50 


(d) 

(e) 


fit) = e 50 'uf- 5) 
fit) = e- 50 'fit- 5) 


F(s) = J” e 50, uit - 5) e- (G+ja)l dt : 


F(s) = e- 50t fit-5)e- (G+JW), dt 


a > 50 




o< 50 
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23. 


(a) 


f(t) = Se- 2 ‘ [u(t + 3)-u(t-3)] 
F(s) = | /( t)e sl dt = | 8 e ( ~ 2+s)l dt 


8 

2 + s 


[l-e 


-6-3s 


] 


(b) 


/(f) = 8e 21 [u(t + 3)-u(t-3)] 
F(s) = J o " / (t)e sl dt = f o 8e i2 ~ s), dt 


(c) 


f(t) = Se^' l [u(t + 3)-u(t-3)\ 
F(s) = J" f(t)e s, dt = J q 3 8 e ( - 2 ~ s), dt 


8 r 

1 „-6-3s1 

s + 2 L 

l-e j 
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24. (a)L L 






(b) l{i + m(0 + [w(0] 2 } = 


1 1 1 

-+-+-= 

s s s 


(c)L{f«(0-3} = - — 



(d) L{l- 8(t) + 8(t-\)-8(t-2)} = 
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(aMO 
(b)XO 
(c )M 

(d) M 

(e) AO 
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26 . 


L{/;«) + /,(<)} = £"[/,( 0 + /;(')]< 
= L {/,(/)} + !_{/,(() 

II 

33 

^ 8 

1 

I 

% 

+ 

[•00 

Q .fi(f) e%t dt 
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27. 


(a) f(t) = 2u(t-2) :.V(s) = 2\ X e~ st dt +—e s 

J 2 5 

2 


= - e - 2s ;s = 1 + j2 
s 


F(l + j2) = 


1 + J2 


-2 - /4 

-e e 


0.04655 + + yO.l 1174 


(b) f(t) = 25(1-2) .'. F(y) = 2e ls , F(l + j 2) = 2e“V' 4 =|-0. 17692+ /0.2048 


(c) f(t) = e-‘u(t-2) :.m=l e^ +X), dt = - 

J2 -5 + 1 


-(j+l)f 


-2i-2 


5 + 1 


F (1 + j2) = — — e~ 2 e~ 2 e~ j 

2 + j2 


(0.4724 + y'6.458) 10- 
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28. (a) [ 8sin57 S(t-Y)dt = 8sin5x1 

J-oo 

(b) f (t-5) 2 8{t -2 )dt = (2 - 5) 2 =[9] 


-7.671 


(c) P 5e^ 000, S(t - 3.333 x lCT 4 )a?7 

J -00 

(d) f KS(t-2)dt = [k] 


= 5e 


-3000(3.333x10^) 


- 1.840 
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29. 

(a) 


(b) 

(c) 


(d) 

(e) 


f(t) = [u(5-t)] [u(t- 2)] u(t), F(a) [w(5-0] [u(t- 2)] u(t)e sl dt 


F(s) = f e s 'dt = ——e sl 

5 

- (e- 2s -e~ 5s ) 

j2 s 

2 

s 


f e dt = 

4 -25 

— € 

J2 

s 


f{t ) = 4e 3 ‘u {t- 2) .-. F(s) = 4 f e- (s+i), dt = — e 

J2 c -L 'X 


( 5 + 3 )? 


5 + 3 



/(7) = 45(7-2) .-. F(5) = 4 P 8 (7 - 2) = 4 f 2 e~ 2s 8(t-2)dt 

J 0 J2 


4e 


/(7) = 55(1)sin(1 Or + 0.27i:) .'. F(5) = 5[ 5(7) [sin0.27i;] X \dt = 5sin36 c 

J 0 

F(j) = : 


2.939 
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30. 


f oo 

(a) \ cos 5007(5(7) dt 

(b) P (t) 5 S(t-2)dt = 

J —00 


= cos 500x0 




32 


(c) f 2.5e-° m ‘S(t-mO)dt 

J —GO 


2 5g~ 0 - 001 ( 1000 ) 


0.9197 


(d) f -K 2 8(t-c)dt 

J-oo 
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31. 

(a) 


(b) 

(c) 

(d) 

(e) 


j 

F(s) = ji 



f ( t ) = 45 (7 -1) [cos nt - sin nt] 

/•CO 

F(s) = 4 8(7-1) [cos nt - sin nt] e dt F(5) = 

j o 


-4e 
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32. 


(a) F(s) = 3 + 1/s; 

(b) F(s) = 3 + 1/s 2 ; 


M=3m+u(t) 

j(t) = 3 Sit) + tu{t) 


(c) F(s) = 

(d) F(s) = 


1 1 1 
(s + 3)(s + 4) (s + 3) (s + 4)’ 

_ 1 _ 1/2 1 

(s + 3)(s + 4)(s + 5) (s + 3) (s + 4) 



1/2 


(s + 5)’ 

ii 

<< 

1 -3/ -At . 1 -5 1 

—e -e +—e 
_2 2 

u(t ) 
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33. 


(a) G(s) 

(b) G(s) 

(c) G(s) 


= 90-4.5/s; 
= 11+ 2/s; 

= (^f 


g(t) = 90tS(0 - 4.5 u(t) 
g(t) = I 1 Sit) + 2u(t) 


gif) = te‘u(t) 


(d) G(s) = 


1/2 


+ - 


1/2 


(s + l)(s + 2)(s + 3) (s +1) (s + 2) (s + 3) ’ 
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34. (a) ft) 


5 u(t) - 16 ft) + e' 4Al u(t) 


(b) ft) = ft) - u(t) + t u(t) 

(c) F(s) 


5 88 a b 

- + - + - + - 

s+7 s s+6 s+1 


where a 
Thus, 


17 


s + 1 


= -3.4 and b = 


17 


s = -6 


s + 6 


= 3.4. 


s = -1 


M 


5 e 7t u(t ) + 88 u(t) -3.4 e 61 u(t) + 3.4 e‘u(t) 


Check with MATLAB: 

EDU» T1 = '5/(s+7)'; 

EDU» T2 = '88/s'; 

EDU» T3 = ' 17/(s A 2 + 7*s + 6)'; 

EDU» T = symadd(T 1 ,T2); 

EDU» P = symadd(T,T3); 

EDU» p = ilaplace(P) 

P = 

5*exp(-7*t)+88-17/5*exp(-6*t)+17/5*exp(-t) 

EDU» pretty(p) 

5 exp(-7 t) + 88 - 17/5 exp(-6 t) + 17/5 exp(-t) 
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35. 


If V(s) = —, then v(t) = 5 u(t) V. The voltage at t = 1 ms is then simply 5 V, and the 


s 

current through the 2-kQ resistor at that instant in time is 


2.5 mA. 
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I(s) = —-— pA, so i(t) = 5 e' l0t u(t ) pA. The voltage across the 100-MQ resistor is 


s + 10 


therefore 500 e m u(t) pV. 

(a) The voltage as specified has zero value for t< 0, and a peak value of 500 pV. 


Voltage across the 100 megaohm resistor 


0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 

t(s) 


(b) z'(0.1 s) = 1.839 pA, so the power absorbed by the resistor at that instant = f R 
338.2 aW. (A pretty small number). 


(c) 500 e 10 'i%= 5 

Taking the natural log of both sides, we find 


h% 


460.5 ms 
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37. 
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N(s) = 5s. 

(a) D(s) = s 2 -9 so N(S) 


5s 


5s 


a b 

+ 


where a = 

fit) = 


5s 


(s-3) 


D(s) s 2 - 9 (s + 3) (s - 3) (s + 3) (s - 3) 

15 


s = -3 


— = 2.5 and b = 5S 

-6 


(s + 3) 


= 2.5. Thus, 


s = 3 


[2.5 e 3t + 2.5 e 3t ] fit) 


(b) D(s) = (s + 3)(s 2 + 19s + 90) = (s + 3)(s + 10)(s + 9) so 
N(s) 5s 


a b 

+ 


D(s) (s + 3)(s + 10)(s + 9) (s + 3) (s + 10) (s + 9) 


5s 


a = 


c = 


(s + 10)(s + 9) 
5s 


(s + 3)(s + 10) 


-15 

— 3 " cm 

-45 


= -0.3571, b = 


5s 


(s + 3)(s + 9) 


s = -10 


-50 


= -7.143 


s = -9 


(-6)(1) 


= 7.5. .'. fit) =f [-0.3571 e 3t - 7.143 e m + 7.5 e 9t ] fit) 


(c) D(s) = (4s + 12)(8s 2 + 6s + 1) = 32(s + 3)(s + 0.5)(s + 0.25) so 


N(s) 

D(s) 


f ^ A 


V32y 


a b 

+ -7-r + 


f ^ \ 


a = 


c = 


V 32y 


(s+ 3)(s + 0.5)(s + 0.25) (s + 3) (s + 0.5) (s + 0.25) 

^ 5 ^ 


(s + 0.5)(s + 0.25) 


-0.06818, b = 


s = -3 


V 32y 


(s + 3)(s + 0.25) 


= 0.125 


s = -0.5 


(5) 

s 

1 

cn 

(s + 3Xs + 0.5) 


= -0.05682 


s = -0.25 


fit) = [-0.06818 e 3t + 0.125 e 05t - 0.05682e 0 ' 25 '] fit) 


(d) Part (a): 

Part (b): 

Part (c): 

EDU» N = [5 0]; 

EDU» N = [5 0]; 

EDU» N = [5 0]; 

EDU» D = [1 0 -9]; 

EDU» D = [1 22 147 270]; 

EDU» D = [32 120 76 12]; 

EDU» [r p y] = residue(N,D) 

EDU» [r p y] = residue(N,D) 

r = 

EDU» [r p y] = residue(N,D) 

r = 

r = 

-7.1429 

-0.0682 

2.5000 

7.5000 

0.1250 

2.5000 

-0.3571 

-0.0568 

P = 

P = 

P = 

3 

-10.0000 

-3.0000 

-3 

-9.0000 

-3.0000 

-0.5000 

-0.2500 

y = 

[] 

y = 

y = 

[] 

[] 
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39. 


(a) 

(b) 

(c) 

(d) 

(e) 


m 

m 

m 

m 

m 
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N(s) = 2s 2 . 

, , s 2 , N(s) 2s 

(a) D(s) = s - 1 so 


2s 2 


a b 

+ 7 - 7+2 


D(s) s 2 -1 (s +1) (s -1) (s +1) (s -1) 


where a = 


2s 2 


(»-i) 


s = -1 


2 2s 2 

= — = -1 and b = -j ——r 
-2 (s + l) 


= i 


= — = 1. Thus, 
2 


m = [2m-e-‘ + e‘] u(t) 


(b) D(s) = (s + 3)(s 2 + 19s + 90) = (s + 3)(s + 10)(s + 9) so 


N(s) _ 2s 2 

D(s) ~ (s + 3)(s +10)(s + 9) ~ (s + 3) ' (s + 10) ' (s + 9) 


a b c 

+ 7 - 7 + 


a = 


c = 


2s 2 


(s + 10)(s + 9) 
2s 2 


18 = 0.4286, b = iS 


s = -3 


(s + 3)(s + 10) 


s = -9 


00 ( 6 ) 

162 

06)0) 


(s + 3Xs + 9) 


s = -10 


200 

(-7X-1) 


= 28.57 


= -27. 


fit) = [0.4286 e M + 28.57 e w ' - 27 e yr ] u(t) 


10 ; -9t-, 


(c) D(s) = (8s + 12)(16s 2 + 12s + 2) = 128(s + 1.5)(s + 0.5)(s + 0.25) so 


N(s) 

D(s) 


( 7 A 


V 128y 


a b 

+ 7-7 + 


(s + 1.5)(s + 0.5)(s + 0.25) (s + 1.5) (s + 0.5) (s + 0.25) 


f 7 '\ 


a = 


V 128y 


(s + 0.5)(s + 0.25) 


= 0.02813, b = 


s = -1.5 


128 J (s + 1.5)(s + 0.25) 


= -0.01563 


s = -0.5 


C = 


f 2 1 

* 2 

U28j 

(s + 1.5)(s + 0.5) 


= 0.003125 


s = -0.25 


fit) =0.02813 e L5t - 0.01563 + 0.003125 e vz ’ l ]u(t) 


■0.5/ 


-0.25/-1 


(d) Part (a): Part (b): Part (c): 


EDU» N = [2 0 0]; 

EDU» N = [2 0 0]; 

EDU» N = [2 0 0]; 

EDU» D = [1 0-1]; 

EDU» D = [1 22 147 270]; 

EDU» D = [128 288 160 24]; 

EDU» [r p y] = residue(N,D) 

EDU» [r p y] = residue(N,D) 

EDU» [r p y] = residue(N,D) 


r = 

r = 

r = 

28.5714 

0.0281 

-1.0000 

-27.0000 

-0.0156 

1.0000 

0.4286 

0.0031 

P = 

P = 

P = 

-1.0000 

-10.0000 

-1.5000 

1.0000 

-9.0000 

-0.5000 


-3.0000 

-0.2500 

y = 

2 

y = 

D 

y = 

[] 
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41. 

(a) 

(b) 

(c) 

(d) 

(e) 



, 12 3 A 0.75 

F(s) —- - -—- - l- 1 - 

(s + 2 ) 2 (s + 6 ) (s + 2f s + 2 s + 6 

T n 12 3 A 0.75 

Lets = 0 .'. -= —l- 1 -.'. A = -0.75 

4x6 426 


■•■F (s) = 


0.75 0.75 

- +-<-> 


(5 + 2) 5 + 2 5 + 6 


(3te 2> —0.75c +0J5e t, ')u(t) 


-it 
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F(s) 


= 2 - - + 

s 

= 2 - - + 

s 

= 2 - - + 
s 


where a 

b = 


TC 


s 3 + 4s 2 + 5s + 2 
n 


(s + 2)(s +1) 
a b 


+ 


(s + 2) (s + l)“ 
n 


+ 


(s + 1) 


= n 


n 


(s + 2) 


= n 


= -i 


c 

(s + 1) 


and c 


(s 1 l) 2 n 

_ d 

n 


n 

V s V , -s / . \2 

(s + 2)(s + 1) 

ds 

s = -1 

_ (s + 2) _ 

s = -1 

(s + 2) 2 _ 


Thus, we may write 

fit) = 2 S(t) - u(t) + ne~ 2t u(t ) + nte~' u(t) - ne~' u{t) 


n 
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\ \ (s + l)(s + 2) ct b 

(a) F(s) = A - 1 + - + —— 

s(s + 3) s (s + 3) 


a = 


so 


(s + l)(s + 2) 


(s + 3) 


s =0 


- I and » - < S + 1 + + 2 > 
3 s 


s =-3 



(s + 2) 


a 


b 


(b) F(s) — --- — —r + — + 

s 2 (s 2 + 4) s 2 s (s + y2) (s-j2) 


c c ' 

■ + 


(-2X-1) _ 2 

-3 3 


a 

b 


(s + 2) 
(s 2 +4) 


=o 



d 

(s + 2) 


(s 2 + 4) - 2s(s + 2) 

4 

ds 

1 

to 

+ 

i_ 

s =0 

(s 2 + 4) 2 

4 2 

s =0 


0.25 


c 


(s + 2) 
s 2 (s~./2) 


= 0.1768Z-135 0 

= ~J2 


(c* = 0.1768Z135°) 


so 

fit) = 0.5 t fit) + 0.25 fit) + 0.1768 e~ jn5 ° e jlt fit) + 0.1768 e /135 ° d 2t fit) 
The last two terms may be combined so that 

fit) = 0.5 t fit) + 0.25 fit) + 0.3536 cos (2 1 + 135°) 
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44. 


(a) G(s) is not a rational function, so first we perform polynomial long division (some 
intermediate steps are not shown): 


12s-36 

-36 

(s 2 +3s + 2))l2s 3 

(s 2 +3s + 2))-36s 2 -24s 


-36s 2 -24s , and 84s+72 


84s+ 72 

so G(s) = 12s-36 h -= 12s-36 

(s + l)(s + 2) 


12 

-+ 

s + 1 


96 
s + 2 


Hence,, 


(b) G(s) is not a rational function, so first we perform polynomial long division (some 
intermediate steps are not shown): 

_12 

(s 3 +4s 2 +5s + 2)Jl2s 3 

12s 3 + 48s 2 + 60s+ 2 4 

-48s 2 -60s-24 


so G(s) =12 


48s 2 + 60s+ 24 
(s 2 + 2s + l)(s + 2) 


12 + 


A 

( 74 f 


+ 


B 

s+T 


+ 


c 

s + 2 


Where A = -12, B = 48 and C = -96. 


Hence, 


g(t) = \28{t)-\2te 'u(t) + 48e 'u(t)-96e 2, u(t ) 


(c) G(s) is not a rational function, so first we perform polynomial long division on the 
second term (some intermediate steps are not shown): 

_12 

(s 3 +6s 2 +lls + 6)jl2s 3 

12s 3 + 72s 2 + 132s+ 72 

-72s 2 -132s-72 


so G(s) = 3s-12 + 


72s 2 + 132s+ 72 
(s + l)(s + 2)(s + 3) 


„ „ A B 

3s —12 H- 1 -r 

s +1 s + 2 


C 
s + 3 


Where A = 6, B = -96 and C = 162. 


Hence,, 
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(a) H(s) = S + 1 = 1--—, hence 

S + 2 S + 2 


h(t) = 5{t) - e 21 u(t ) 


(b) H(s) 


s + 3 


(s + l)(s + 2) s + 1 s + 2 


hence 


h(t ) = \^le ' -e 


(c) We need to perform long division on the second term prior to applying the method of 
residues (some intermediate steps are not shown): 

s-5 


(V +5s 2 + 7s+ 3 Ms 


18s + 32s + 15 


tu xt/ \ — i z 18s + 32s + 15 _ , A B C 

Thus, H(s) — 3s — s + 5 - z - +1 — 2s + 6 h- zr H-r ■ 

(s + 1) 2 (s + 3) (s + i) 2 

where A = -1/2, B = 9/4, and C = -81/4. 


s+1 s+3 


Thus 
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(a) 


5[sl(s) - /(O')] - 7[s 2 I(s) - sz'(O') - z'(O’)] + 9I(s) = - 


(b) zzz[s 2 P(s) - sp(Q-) -//(O')] + Hf [sP(s) -^((T)] + £P(s) = 0 


(c) 


[s ANp(s) - An p (0')] = - 


AN p (s) | G l 
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15 u(t) — 



s 




48(0 = 8/(0 + 6f'(t), f (0) = -3 

= 8F(0 + 6 jF(j) + 18 = l5 ~ 4s :.¥(s) (65 + 8 ) = 18+ l5 ~ 4s 

s s 

-22s +15 _ 15/8 
65(5 + 4/30)^5 + 4/3 


/(0 = (1.875-5.542e 4,/3 )K(0 
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48. 


(a) 


-5 u(t - 2) + 10 z L (0 + 5 ^ = 0 

dt 


'/- (/) 10 n 

-^wv 


5u(t-2) V 


(b ) -^V 2s + 10I L (s) + 5[sI L (s)-/ L (0 )] = 0 

s 


6 


5 H 

4 ( 0 -) : 


I L (s) : 


e +5 / L (0-) 
5s+ 10 


e~ 2s + 

5xl0 3 s 

s 

.s + 2. 



(c) I L (s) = e 


-2s 


a b 

—I- 

s s + 2 


+ 


5x10- 
s + 2 


where a = 


1 


s + 2 


1 


s = 0 


= —, and b = 
2 


s = -2 


, so that we may write 


I L (s) = V 2s 


1 _ 1 
s s + 2 


+ 


5x10- 
s + 2 


Thus, 4(0 = ^[u(t-2)-e- 2( ‘- 2) u(t-2)\ + 5xlO‘V 2 ' u(t) 



5 mA 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers 
and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 

























www.eisolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Fourteen Solutions 


10 March 2006 


49. 


(a) v c (0“) = 50V, v c (0 + ) = 50V 


(b) 

(c) 


O.lv' + 0.2 v c + 0.1(v c -20) = 0 


.'. O.lv' + 0.3v c =2, 0.l5V f -5 + 0.3V c = - 

s 

.-. V c (0.b + 0.3) = 5 + - = ^^ 
s s 


■■■V e (5) = 


5 ^ + 2 


5(0.15 + 0.3) 


20/3 130/3 

- 1 - 

5 5 + 3 
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50. 


(a) 


5 u{t) - 5 u{t - 2) + 10 z’l(0 + 5 

dt 


ion 

AAAr 


5 5 _ 2s 


(b )-+ 10 I L (s) + 5[sI L (s)-z L (0 )] = 0 

s s 


5«(/-2) V( + 


-5 uU) V 



I L (s) : 


(c) I L (s) = e 
1 


V s - 5 + 5 z L (0 ) 
_s_s_ 

5s + 10 

a b 

-1- 

s s + 2 


e 2s + 5x10" 

3 s - 1 

s 

(s + 2) 



-2s 


c d 

+ — +- 

s s + 2 


d 


s + 2 

5x10 J s-1 


s = 0 

-3 


~\- b 


s = -2 


1 

= -+ c 


where 

5x10 3 s-l 


s + 2 


5 H 

<l.(0-) = 


s = 0 


—, and 
2 


s = -2 


-10x10 3 -1 

-2 


= 0.505, 


so that we may write 


Il(s) 


1 


-2 s 


1 1 


s + 2 


+ 


0.505 
s + 2 


v2y 


Thus, 

4.(0 = 

1 

1 

<N 

1 

<N 

cP 

1 

1 

cT 

1 

+ 0.505 e'u(t)-—u(t) 



2 


2 


5 mA 
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12h(0 = 20/ 2 '(0 + 3/ 2 (0- ) = 2 — = 205F 2 -20(2) + 3F. 

s 

12 12 + 405 25 + 0.6 

.-.— + 40 = (205 + 3) F 2 =- ■■■F 2 (5)= —- 

5 5 5(5 + 0.15) 


.-.F 2 (5) = — 


5 5 + 0.15 




(4-2 e- 0A5t )u(t) 
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(c) F(s) = 


1 


s + 5s + 6 


- 5 = 


where a = 


s - 2 


= 1 and b = 


a b 

- +-5 

s-3 s-2 

1 


s = 3 


s-3 


= -l 


s = 2 


Thus, 


m 


e' 3t u(t) - e n u(t) - 5 S(f) 


-it 



(a “doublet”) 
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x' + y = 2u(t), y' — 2x + 3 v = 8w(7), x(0 ) = 5, y(0 ) = 8 


8 


r' 


5 X - 5 + Y = —, sY2X + 3Y = — .'. X = - 
s s s 




4 10 2Y 


8 


f 


sY + 3Y— -+ — = 8 + — .'. Y 


- + 5-Y 
Vs J 

A 


_ 2 + 5_Y 


5 + 3 H — 
SJ 


4 18 Q 

= —r + — + 8 


Y 


V+35 + 2 A 


4 + 185 + 8/ x 8/ +I85+ 4 2 6 0 

-,-, Y(s) + -= - +-+ - 


1 


5(5 + 1 ) (5 + 2) 5 5 + 1 5 + 2 

1 


y(t) = (2 + 6e ') u(t); x ( t ) = ~ [y'+ 3y-Su(t)] = -y'+ 1.5y-4u(t) 


x(t) = | [-6 e~‘u{t)\ +1.5 [2 + 6e~‘ ] n(f) - 4u(t) 


x{t) = 6e ‘u(t)-u(t) = (6e ' -1 )u(t) 
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g 

(a) F(s) = 8s + 8 + —, with/(O') = 0. Thus, we may write: 
s 


XO = 8 + 8 m(o + 8<y' (0 


(b)F(s) = - S — -s + 2. 

(s + 2) 

fit) = S' it) -2 Sit) + 4e 2t u(t) - S'(t) + 2 Sit) 


4e' 2/ nit) 
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(a) c(0 ) = 0, v (0) = 100 V, 4(0 + ) = 


40-100 

100 


-0.6 A 


(b) 


(c) 


/• OO 

40 = 1004+50 i dt + 100 

C J(T C 


-— = 100 I» + — l c (s) 
s s 

6 1 Oa + 5 -6 -0.6 

.- = I.-, I. (5) =-=- 

5 C 5 105 + 5 5 + 0.5 


<-» 4(0 = _ 0.6e °' 5, u(t ) 
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(a) 4 cos 1007 <-> 


4s 


s 2 +100 2 


(b) 2 sin 10 3 7-3 cos 1007 <-> 

(c) 14 cos 87-2 sin 8° <-» 

(d) Sit) + [sin 6 1 ]«(7) <-» 


2 x 10 3 

3s 

s 2 +10 6 

s 2 + 100 2 


14s 2 sin 8° 


s +64 


1 + 


s 2 +36 


(e) cos 5 1 sin 3 1 = Vi sin St + Vi sin (-27) = Vi (sin 87 - sin 27) <-A 


4 

1 

s 2 +64 

s 2 +4 
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(a) 

(b) 


i, = 


100 e 5l u(t) A; z s = v' + 4v + 3£ vdt 


v 

i s = —r 

5 R 


Cv' + — f vdt; 

T Jo 


L 



— = jV(j) + 4V(j) + - V(j) 

5 + 5 5 


V(5) 


' 3~\ w ,5 2 +45 + 3 100 

= V(j)-=-V(j) = 


5 + 4 + 

V 4y 


1005 


5 + 5 


(5 + 1) (5 + 3) (5 + 5) 


, -12.5 75 62.5 

V(5) =-+- 

5 + 1 5 + 3 5 + 5 


v(t) = (75<T 3 ' -12.5e“' -62.5e" 5, )«(0 V 
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58. 

(a) V(s) 

(b) V(s) 

(c) V(s) 




s + 1 


48e' s V 
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59. 


/•oo 

4 u(t) + i c +10 J i c dt + 4 [i c 


4 10 

■•■- + I C + — 

s s 


L+4I =2, T 


- 0 . 58 ( 0 ] 

( c 10 ^ 
5 + — 

V s J 


55 + 10 5 + 2 

/ r (/) + 0.48(/)-1 .6e 2 'u(t) A 


0 



25-4 

5 
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60. 


/ + 6v + 9 [ v(z) dz = 24 (t- 2) u(t - 2), v'(0) = 0 

J 0 


.-. sV(s) -0 + 6 VO) + - V(s) = 24e" s \ = VO) 5 +6s + 9 = y( s ) (s + 3>) 
s s~ s s 


VO) = 24e -2 ' s \ 


VO) = e 


-2 s 


s 2 0 + 3) 2 
8/3 8 


= 24e~ 
8 


1/9 1/9 


1/3 


5 + 3 0 + 3) 


5 + 3 0 + 3) 


8 


++-[u{t-2)-e M, ~ 2) u(t- 2)] 


-8 (t - 2) e _3(f_2) u(t-2) 


II 

i_8 e -3ri-2)_ 8(? _ 2)e -3( t -2) 

u (7-2) 


J/ J/ 
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61. (a) All coefficients of the denominator are positive and non-zero, so we may apply the 

Routh test: 

1 47 

13 35 

44.308 0 [(13)(47) - 35]/13 

35 [35(44.308) - 0]/44.308 


No sign changes, so STABLE. 


(b) All coefficients of the denominator are positive and non-zero, so we may apply the 
Routh test: 

1 1 

13 35 

-1.69 0 [13 - 35]/13 


No need to proceed further: we see a sign change, so UNSTABLE. 
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(a) All coefficients of the denominator are positive and non-zero, so we may apply the 
Routh test: 


1 

3 

8 


8 

0 


No sign changes, so STABLE. 


[(3)(8) - 0]/3 


Verification: roots of D(s) = - — ±, 
parts, so the function is indeed stable. 


If 3) 

- 3 

( 233 

IUJ 

-8 =—± j 
2 

4^ | 


which have negative real 


(b) All coefficients of the denominator are positive and non-zero, so we may apply the 
Routh test: 

1 1 

2 0 

1 [(2)(1) — 0]/2 


No sign changes, so STABLE. 


Verification: roots of D(s) = -1, -1, which have negative real parts, so the function is 
indeed stable. 
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63. (a) All coefficients of the denominator are positive and non-zero, so we may apply the 

Routh test: 

1 3 1 

3 3 0 

2 1 [(3)(3) - 3]/3 

1.5 [6 - 3]/2 


No sign changes, so STABLE. 


(b) All coefficients of the denominator are positive and non-zero, so we may apply the 
Routh test: 

1 

3 


No sign changes, so STABLE. 
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64. (a) v(t) = 7u(t) + 8e M u(i) Therefore 


V(s) = - + 

s 


8 

s + 3 


15s + 21 
s(s + 3) 


limsV(s) = 

S—»co 


15s + 21 

lim- 

s + 3 


21 


15 + 

= lim- s 


S->co 3 

1 + 


s 


15V 


(b) v(0) = 7 + 8 


15 V (verified) 
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65. (a) v(t) = 7u(t) + $e J 'w(7) Therefore 


N 7 8 15s + 21 

V(s) = — +-=- 

s s + 3 s(s + 3) 


limsV(s) = lim + ^ 

s^O s + 3 


7 V 


(b) v(oo) = 7 + 0 = 7 V (verified) 
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66- 5r5 2 +l) iim 5 e Ce 2 + 

(a) = /(0‘)= +1) 


i.'+l) 


^°o 5 +1 


=0 


dm 5 5 (5 2 +l) 

/(oo) = ---, but 1 pole in RHP .'. indeterminate 

^->0 ^+1 


(b) FW= ^, /(0 *)= & " 5 *<* 2+1 > 


s 3 +16 s ^ co s 4 +16 

/(oo) is indeterminate since poles on jco axis 


(c) F ( J )_ (‘ y+1 )( 1+g ^) ... /(o + )= iim • s ’C y+1 )( 1+ ^ 4i ) 


s +2 


S —>00 


s +2 


=0 


/ (oo) is indeterminate since poles on jco axis 
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67. 


(a) /0 + ) 


f 

lim[sF(s)] = lim 

S—>00 S—>00 

V 


2s 2 +6 ^ 
s~ + 5s + 2^ 



A™) = 


lim|sF(s)l = lim 

s —>0 s —> 0 

V 


2s 2 + 6 
s + 5s + 2 


\ 

J 



(b)/0 + ) = 


lim[sF(s)] = lim 

S — >oo s — >oo 

V 


2se~ ,N 

s + 3 J 



fi™) = 


f 

lim|sF(s)l = lim 

s —»0 L J s —>0 

V 




(c)X0 + ) = 


lim[sF(s)] = lim 

S—>00 S—>00 


s(s 2 + l) 
s 2 + 5 


oo 


J{cc) : This function has poles on the jco axis, so we may not apply the final value 
theorem to determine X 00 )- 
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68 . 

(a) 


m= 


5(s 2 +1) 

(5 + 1) 3 


/( 0 + ) 


tim 5s(s 2 +l) 

S^cc ( 5 + l) 3 


/(go) = Urn 
s->0 


5 (s 2 +1) 
(s + 1) 3 




(b) 


m= 


5(r+1) 
.y (.s + 1) 3 


/(0 + )= lim 

S —>00 


5 (,s 2 +1) 
(.S' + 1) 3 



/ (oo) = lim 


5 (s 2 +1) 


s—>0 (j + 1) 3 


= 5 


(pole OK) 


(c) 


(l- e - 3s ) 


F(s) = 


/(o + ) 


6/m- 

S —^ GO s 



/(co) = lim 
s—>0 


1 - e 


-3 s 


(using L'Hospital’s rule) 
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69. 


1 




1 f OO \ U, \ 

(a) Now, -f(t) <-» F(s)fifc .'. e u(t) <->-, —e bl u(t ) <-»- 

f Js c -I - n e + 

. ^ / -a? —{j \ . f G 

.. - (e -e u(t) <-> 

t Js 


s + a s + bj 


ds = in 


s + b 
s + a 


00 

f.n S + b 

s 

s + a 


(b) tim I £im i_ at+ _i + bt 

-(e a, -e ht ) u(t) = - = fy-a 

t—> 0 + t t-> 0 + t 


lim c _i_ h lim 

sin—- = 

s->°° s + a 


Use i' Hospital. .'. 


in{s+b)-in (5 + a) 

lbs 

(im 1/(5 + b) -1/(5 + a) 

sF(s) =- 


S —>00 


-Ms 1 


lim 

s—> 00 


-s 


(a-b) 


(, s+b) (s + a ) 


= b-a 
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(a) 


m= 


85-2 


5 “ +65 + 10 


/«>*)= *■ 


/(»)- ; (fe - 2) = o 


(b) F(s)= 


s->0 s 2 +65 + 10 

25 3 -5 2 -35 -5 


^->°0 s z +65 + IO 

' , -6±V36-40 TUT1 . 

poles: 5 =-, LHP, .. OK 

2 J 


5 +65 +IO 5 


. eim 25 3 - 5 2 - 35-5 |—| 

•• /(0 )= -~-= 00 

s ~> 00 5 +65 + IO I 


lim 2s 2 -s 2 -3s -5 

/( 00 ) = = -0.5 (poles OK) 

5^0 y 2 +65 + 10 


(c) F(5)= 


85-2 


5 2 -65 + 10 


/( 0 ‘)= l,m ^~ 2) 

S ^°° 5 2 -65 + IO 


. eim 5 ( 85 - 2 ) 6±V36-40 „ TTT , . J 

/ ( 00 ) = —- ,5 =-RHP .'. indeterminate 

-65 + 10 2 


(d) F(s) =- 5 —^—y- /( 0 + ) = lim sF(s) =fol 

(s + 2) 2 (s + l)(s + 6 s + 10 ) ^co W H_J 


f( 00 ) = lim 


s( 8 s 2 - 2 ) 


s —>0 (s + 2 ) (s + l)(s + 6 s + 10 ) 


=|o](pole OK) 
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1. Note that z'l(O ) = 12 mA. We have two choices for inductor model: 
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2. z L (0") = 0, vc(0 + ) = 7.2 V ('+’ reference on left). There are two possible circuits, since 

the inductor is modeled simply as an impedance: 
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3. 


(a) 


(b) 


2 s 2000/s _ 20 s 1000 

20 + 0.Is 2 + 1000/s s + 200 s + 500 
20 s 2 +10,000s +1000s + 200,000 
s 2 + 700s+ 100,000 


20 s 2 +11,000s+ 200,000 
s 2 + 700s+ 100,000 


Zin(-80) 


- 10.95 Q 


(c) 


Z„,(y80) 


-128,000 + 7880,000 + 200,000 
-6400 + 756,000 + 100,000 


8.095Z54.43 0 Q 


(d) Yrl= ^) + ~ = 


s + 200 


20 s 


(e) 


L flC 


- + 0.001s 
2 


s + 500 
1000 
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4. 


o 


7. 

in 


o 




n 


i 

2 x 10” 3 s 


1 

2 x 10” 3 s 


( 

20 + 

V 


1 ^ 

2x10 3 s y 


( 1 ^ 

40 +-— 

ly 2x 10 sj 


(20 + 500s' 1 ) 


(40 + 500s' 1 ) 


80s 2 +3000S+25000 
6s 2 +100s 
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5. (a) 

(b) Z„C/8) = 


„ 50 16(0.2s) 50 16s 

Z = — + —--- = — + - 


s 16 +0.2s s s + 80 

-1024 + 4000 + j‘400 _ 
-64 + y'640 ” 


16s 2 + 50s+ 4000 


s~ + 80s 


0.15842-y'4.666 Q 
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2 mF 


1 


2x10 3 s 


Q, lrriFt—> 0.001s Cl, 


(55 + 500/ s) ||(100 + s/ 1000) 


( cc 500/ 

f 

55 + 


l s J 

V 


100 + 


1000 


500 

155 H-h - 


1000 


55s 2 + 5.5005 x 10 s + 5xl0 7 


s 2 + 5 x 10 5 s + 1.55 x 10 5 
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7. We convert the circuit to the s-domain: 


l/sC M Q 



Defining = R B || r n || (l/sC n ) = --and 

hr + R B + r . R B C,S 

Z L = Rc || Rl = Rc r l/ (Rc + Rl), we next connect a 1-A source to the input and write two 
nodal equations: 


1 = \JZ n + (V„-V l )C m s [1] 

-gmV k = V L / Z L + (V L - Vn:)Cp S [2] 

Solving, 


br R B 

(l + Z L C„ S ) 


Z. r R r C C„s 2 + (g,„Z. r R r C„ + r R r C + r R r C 

L 7T D 7T fJ X ^ ITT !_/ 7L D [A 7T D 7T 7T D j 

r + +Z L R B C> + r ff + R b 


Since we used a 1-A ‘test’ source, this is the input impedance. Setting both capacitors to 
zero results in r K || R B as expected. 
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8 . 


0.115s Q 460 



18.8 81740 

s +40870 s(s +40870) 


18.8 a b 

s +40870 7 s + 40870 


, 81740 

where a =- 

s +40870 


2 and b 


81740 


S = -40870 


-2 


Thus, V(s) = - : - +-. Taking the inverse transform of each term, 

s +40870 s s +40870 

v(0 = [16.8 e' 40870( + 2] u(i) V 
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9. v(O') = 4 V 

303030 


n s V 



1.1 MO 


m = 


s s 


303030 +Ux1q6 


l.lxlO 6 +303030 


4.545 xl0‘ 6 
s+0.2755 


Taking the inverse transform, we find that i(t) 


4.545 Q- 02755t u(t) 
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10. From the information provided, we assume no initial energy stored in the inductor. 


(a) Replace the 100 mH inductor with a 0.1 s-Q impedance, and the current source with a 



v(0 = 50 e' 20 ' mV 


The power absorbed in the resistor R is then p(t) = 0.5 v~{t) 


1.25 e' 4 %W 
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11 . 


We transform the circuit into the s-domain, noting the initial condition of the capacitor: 

in Vi 2 fi v 2 



Writing our nodal equations, 


V, 



1 


+ 


V1-V2 

1 / 

72 


+ 



= 0 


[ 1 ] 


V2-V. 

1 / 

72 



= 6 


[ 2 ] 


We may solve to obtain 


and 


_ -6(s-12) _ -5,6 3.6 

1 s(3s + 20) s + 6.67 s 
_ 2(s + 44) _ -3,73 | 4.4 
1 s(3s + 20) s + 6.67 s 


Taking the inverse transforms, 
and 


v 1 (0=-5.6e“ 6 67 ' + 3.6 V,f> 0 
v 2 (f) = -3.73e~ 6 ' 61t + 4.4 V, t > 0 
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12. We transform the circuit into the s-domain, noting the initial condition of the inductor: 


(a) Writing our nodal equations 
2 


4 Vj - 3 V 2 = — 
s 

and 

-3V. + 3V, + V = +36 - 4 


9s 


or 


-3V, + 


f 


1 


3 + 
v 9s j 


V 2 =0 


We may solve to obtain 


and 


[ 1 ] 



[ 2 ] 


V t = 


2(27s + l) _3 
s(27s + 4) ~~ 2 

54 2 


1 


4 

s + — 

^ 27 ) 


+— - 
2 V s 7 


V 2 =' 

275+4 S+ A 

27 


Taking the inverse transforms, 
and 


V!(0= 1.5“ 0148U +0.5 V, f>0 
vi(t) = 2e~ 0l481t V, t>0 


4/s A 
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13. 


(a) We transform the circuit into the s-domain, noting the initial condition of the 
capacitor: 


on io a 



Writing the two required mesh equations: 


' n 
6 + - 


-Ii + 


I_Il =1 
1 , ± 2 


f 


1 


12 + - 
v sj 


[ 1 ] 

[ 2 ] 


Solving yields Ij = — 


and I, = — 


1 

9s+ 2) 

s 

(4s + l) 


(3s+ 1) " 

2 1 

( \ 

1 

s(4s +1) 

3s 6 

s + /* 

\ /4 2 


( \ 


2 1 

1 



3s + 12 


s + 


Thus, taking the inverse Laplace transform, we obtain 


2 1 -t 


1 -/ 


i\(t) = - e /4 A, t>0 and i 2 (t) = — + — e /4 A, t>0 


3 6 


3 12 


(b) 



hwl 5_1 

(ac 

ive) 




DID® 

i—- 


. 

. 

-_ 

i_i2 

J 


u 



L —-I 

i 


J 










1 1 



— 

—i 





:. 


. 

„— ^ 


.u. 


Pi 









. 


.... 





'“'I 

1; 




. 

i 

_: 


□ 


. 

_ 








; 

_ 




. 

i 




j 

. 











; 





. 





. 

















i i 

i 






"i 



r” 

0 

is 2. 

I(R1) I(R2) 

Os 4. 

Ti 

0S 

me 

6. 

Os 


8.0s 
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14. (a) We transform the circuit into the s-domain, noting the initial condition of the 

inductor: 2 fl 3 fi 



Writing the two required mesh equations: 


(2 + s)lj -sl 2 = —+ 8 [1] 

s 

-slj +(l0 + s)l 2 = -8 [2] 


1 

(89s+ 90) 

_ 35 

( \ 

1 

12 

S ( S+ 5/ 3 ) 


12 

s + 

V / 5 J 


+ - 


4.5 


-7 

1 

7 

( \ 

1 

12 

( S + /3, 


12 

s + W~, 

\ / 5 J 


Thus, taking the inverse Laplace transform, we obtain 



(b) 
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15. v(7)= 10e' 2 'cos (107+ 30°) V 

scos30°-10sin30° 0.866s - 5 


cos (107+ 30°)©^ 


s 2 +100 


s 2 + 100 


C W)e at } F(s + a), so 


V(s) = 10 


0.866(s + 2)-5 8.66s-16.34 

(s + 2) 2 + 100 s + 100 


The voltage across the 5-Q resistor may be found by simple voltage division. We first 
note that Z e fr= (10/s) || 5 = Q. Thus, 


5s+ 10 


Vsn 


(a) lx 


2 50 
v 5s + 10 


50 V 


50 V 


f 


0.5s+ 5 + 


50 


5s + 10 


(0.5s+ 5) (5s + 10)+ 50 2.5s 2 +30s + 100 


eff 


40 


0.866s -3.268 


(s + 2) 2 +100 [s 2 +12s + 40] 


34.64s - 130.7 

|”(s + 2) 2 + 100 

(s + 6) 2 + lOol 


(b) Taking the inverse transform using MATLAB, we find that 


i x (t) = e' 6 ' [0.0915cos 27 - 1.5245 sin 27] - e' 2 ' [0.0915 cos 107 - 0.3415 sin 107] A 


■2 / i 
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16. 


—VW 


so v i s Q v 2 ion 


1 V 


Q Vci == 


Q 


AM— 

Q 


8s n 


iv 

s 


Node 1: 0 = 0.2(Vi-3/s) + 0.2 Vi s + 0.5 (Vi-V 2 )s 

Node 2: 0 = 0.5(V 2 -Vi)s + 0.125 V 2 s + 0.1(V 2 + 5/s) 


Rewriting, (3.5 s 2 + s)Vi + 2.5s 2 V 2 = 3 

-4 s 2 Vi + (4 s 2 + 0.8 s + 1) V 2 = -4 

Solving using MATLAB or substitution, we find that 


[ 1 ] 

[ 2 ] 


V,(s) = 


-20s 2 + 16s +20 
40s 4 + 68s 3 + 43s 2 + 10s 

A 1 A 


v 40 j 


-20s 2 + 16s+ 20 


s(s + 0.5457 -j'0.336l)(s + 0.5457 + j0.336l)(s + 0.6086) 


which can be expanded: 

V,(s) = - + 


+ 


b* 


+ 


s s + 0.5457-70.3361 s + 0.5457+j0.3361 s + 0.6086 

Using the method of residues, we find that 

a = 2, b = 2.511 Z101.5 0 , b* = 2.511Z-101.5 0 and c = -1.003. 


Thus,taking the inverse transform, 

Vi(0 = [2 - 1.003 e" 06086 ' + 5.022 e'°- 5457? cos (0.336 It- 101.5°)] u(t) V 
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17. 


With zero initial energy, we may draw the following circuit: 

2 s" 1 Q 

511 1011 



s 




s 


Define three clockwise mesh currents Ii, I 2 , and I 3 in the left, centre and right meshes, 
respectively. 


Mesh 1: -3/s + 51 1 + (5/s)Ii - (5/s)I 2 = 0 
Mesh 2: -(5/s)Ii + (8s + 7/s)I 2 - 8s I 3 = 0 
Mesh 3: -8sl 2 + (8s + 10)I 3 - 5/s = 0 

Rewriting, 

(5s + 5)Ii-5I 2 = 3 [1] 

-5 Ii + (8s 2 +7) I 2 - 8 s 2 1 3 =0 [2] 

- 8s 2 1 2 + (8s 2 + 10s) I 3 =5 [3] 


Solving, we find that 

= 20s~ + 32s + 15 _ 

40s 3 + 68s 2 + 43s + 10 


1 

40 y 
b 


20s- + 32s + 15 


0.6086)(s + 0.5457 -y0.336l)(s + 0.5457 + y0.336l) 
b * 


(s + 0.6086) (s+ 0.5457 -y0.336l) (s + 0.5457 + yO.3361) 


where a = 0.6269, b = 0.3953Z-99.25 0 , and b*= 0.3955Z+99.25 0 


Taking the inverse tranform, we find that 

k(t) = [0.6271 e- 0 ' 6086 ' + 0.3953e ' 7 "' 250 e ( -°' 5457 + ^ 3361)( + 0.3953e / "' 25 ° e ( -°' 5457 ^'°- 3361)f ]u(t) 
= [0.627le a608& + 0.7906 e' 054577 cos(0.3361f+ 99.25°)] u(t) 
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18. We choose to represent the initial energy stored in the capacitor with a current source: 



Node 1: 

1.8 = 

s + V, + (V, -V 2 ) 

5 5 2 V 

5 


Node 2: 

0 = 

i V 2 + - 

S (V 2 -V 1 )+ 1 V, + s 

2 2 1 8s “ 10 


Rewriting, 

(5s 2 + 

4s)Vi-5s 2 y 2 = 18s+ 6 

[1] 


-4s 2 Vi + (4s 2 + 0.8s + 1)V 2 = -4 [2] 


Solving, we find that Vi(s) 


360s 3 + 92s 2 + 114s + 30 
s(40s 3 + 68s 2 + 43s + 10) 


a 


s 


+ 


s 


where a = 


b c 

- + - + - 

+ 0.6086 s +0.5457 -jO.3361 s 
3, b = 30.37, c = 16.84 Z136.3 0 and c* 


* 

c 


+ 0.5457+70.3361 
= 16.84 Z-136.3 0 


Taking the inverse transform, we find that 
vi(0 = [3 + 30.37e'°' 608& + 16.84 e 7 ' 36 ' 30 e'°' 5457( e 70 ' 33617 
+ 16.84 e' 7l36 ' 3 ° e’ 0 - 5457 ' e' 7 °' 3361 ' ]w(f) V 

= [3 + 30.37e‘°' 608fo + 33.68e' 0 ' 54577 cos (0.3361?+ 136.3>(0 V 
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19. We begin by assuming no initial energy in the circuit and transforming to the s-domain: 


20 - 


s + 3 


(s + 3) + 16 


A 



30 


4 

(s + 3) 2 + 16 


A 


(a) via nodal analysis, we write: 

20s + 60 = A (Vl -V x ) + ^L 


(s +3r + 16 
120 

(s + 3) 2 + 16 


10 

— + — (v x - V,) 

2s 10 V x 


[1] and 

[ 2 ] 


Collecting terms and solving for V x (s), we find that 
V x (s) = 


(b) Using 

a a b b * 

(s + 3 - jA) + (s + 3 + y4) + (s + 1.25 -yl.854) + (s + 1.25 + j 1.854) 

with a = 92.57 Z -47.58°, a* = 92.57 Z 47.58°, b = 43.14 Z106.8°, b* = 43.14 Z-106.8° 
Taking the inverse transform, then, yields 


200s(s 2 + 9s + 12) 

2s 4 + 17s 3 + 90s 2 + 185s+250 

_200s(s 2 + 9s + 12)_ 

(s + 3 -y’4)(s + 3 + y4)(s + 1.25 -yl.854)(s + 1.25 + yl.854) 
the method of residues, this function may be rewritten as 


Vx(0 


[92.57 e' y47 ' 58 ° e' 3 ' d 4 ‘ + 92.57 C 47 ' 580 e‘ 3( e j4t 

, , a _/'106.8° -1.25/ /l.854/ , ^ 10 


[185.1 q ' 31 cos {At - 47.58°) + 86.28 e‘ L25 ' cos (1.854? + 106.8°)] u{t) 
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We model the initial energy in the capacitor as a 75-pA independent current source: 

20 0 


162.6s 

s 2 + 4zr 2 


—WV—i 

1 - 




+ 


0.005s Q 


V 


© 221 n -r CD 


20 n 


75 |oA 


First, define Z e ff = 10 6 /s || 0.005s [| 20 = y^r- 
Then, writing a single KCL equation, 75x10 6 


s 

+ 0.005s+ 200 


Q 



1 

+ — 

20 


V(s) - 


V 


162.6s ^ 

s 2 + 4;r 2 j 


which may be solved for V(s): 


75s(s 2 + 1.084xl0 5 s + 39.48) 
s 4 +5.5xl0V +2xl0V +2.171x10 6 s + 7.896 xlO 9 
75s(s 2 + 1.084xl0 5 s+ 12.57) 

(s + 51085)(s + 3915)(s -y6.283)(s + y‘6.283) 


(NOTE: factored with higher-precision denominator coefficients using MATLAB to 
obtain accurate complex poles: otherwise, numerical error led to an exponentially 
growing pole i.e. real part of the pole was positive) 
a b c c 

(s + 51085) (s + 3915) (s-y‘2;r) (s+y2;r) 


where a = -91.13, b = 166.1, c = 0.1277Z89.91 0 and c* = 0.1277Z-89.91 0 . 

Thus, consolidating the complex exponential terms (the imaginary components cancel), 

v(f) = [-91.13e' 51085f + 166. le' 3915( + 0.2554 cos (2nt+ 89.91°)] u(t) V 


(b) 


The steady-state voltage across the capacitor is V = [255.4 cos(2nt + 89.91°)] mV 
This can be written in phasor notation as 0.2554 Z89.91 0 V. The impedance across 
which this appears is Z e ff = \jcoC + \tjcoL + 1/20]' 1 = 0.03142 Z89.91 0 Q, so 


Isource V/ Z ( 


'eff ' 


8.129Z-89.91 0 A. 

Thus, i s o 


8.129 cos 2nt A. 


(c) 


By phasor analysis, we can use simple voltage division to find the voltage division to 
find the capacitor voltage: 


Vc(/fo>) = 


(162.6Z0)(0.03142Z89.91°) 
20 + 0.03142Z89.91 0 


0.2554Z89.92 0 V which agrees with 


our answer to (a), assuming steady state. Dividing by 0.03142 Z89.91 0 Cl, we find 
Source = 8.129 cos 2nt A. 
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21. Only the inductor appears to have initial energy, so we model that with a voltage source: 


0.0051 



Mesh 1: 

Mesh 2: 
Mesh 3: 
Mesh 4: 


5.846s +2.699 
s 2 +4 


2 + 


1333 


1333 


I, -21, 


0 = 0.005Ii - 0.001 + (0.001s + 1333/s) I 2 - (1333/s)Ii - 0.001sl 4 

6 s 

0 = (2 + 1000 /s)I 3 - 2h - ( 1000 /s)I 4 + — 7 —— 

s 2 + 4 

0 = ( 0 . 001 s + 1000 /s) I 4 - 0 . 001 sI 2 -( 1000 /s)I 3 + 0.001 


154s-2699 

Solving, we find that Ii = -0.2--- and 

s" +4 

T _ a aa, 154s 4 ' 7.378x10V - 1.912xl0 10 s 2 - 4.07xl0 13 s + 7.196xl0 14 

1? - U.UU1---—- -z—z --- 

2333s 4 + 6.665 x10 5 s 3 + 1.333xl0 9 s 2 + 5.332xl0 9 

0.4328Z-166.6 0 0.4328Z +166.6° 

=-+- 

s + 142.8 + j 742 s + 142.8 -y‘742 

135.9Z-96.51° 135.9Z + 96.51° , in5 

+-+-+ 6.6 xlO' 5 

s -j2 s +j2 

Taking the inverse transform of each, 


i\(t) = 271.7 cos (2t- 96.51°) A and 

i 2 (t) = 0.8656 e 142 8( cos (742.3 t + 166.6°) + 271.8 cos (2t- 96.51°) + 6.6><10' 5 d(t) A 


Verifying via phasor analysis, we again write four mesh equations: 

6Z-13 0 = (2 -j666.7)Ii + j667I 2 - 2I 3 

0 = (0.005 + y666.7)Ii + 0'2xl0' 3 -j 666.7)I 2 -y2xlO' 3 I 4 

-6Z0 = -211 + (2 -/500)I 3 + j500I 4 

0 = -y'2xlO" 3 I 2 + /500I 3 + (/2x 10' 3 -y500)I 4 


Solving, we find Ii = 271.7Z-96.5 0 A and I 2 = 272Z-96.5 0 A. From the Laplace analysis, 
we see that this agrees with our expression for i\(t), and as t —> oo, our expression for i 2 (t) 
—> 272 cos (2 1 - 96.5°) in agreement with the phasor analysis. 
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With no initial energy storage, we simply convert the circuit to the s-domain: 



Writing a supermesh equation, 

T = loot + + —i, + 0 . 002 si 3 

s 6 x 10 s s 


2000 

' 

s 


we next note that I 2 = - 5 V 2 = - 5 ( 0 . 002 s)l 3 = -O.OISI 3 

and I3 — Ii = 3 V 2 = O.OO6SI3, or Ii = (1 - 0.006s)l3, we may write 


-0.598s 3 + 110s 2 + 3666s 


V 2 (s) = I 3 /0.002s = 


_ 1 _ 

-0.0012s 4 + 0.22s 3 + 7.332s 2 
7.645x10 5 4.167xl0~ 3 

s - 212.8 s + 28.82 


4.091xl0 3 0.1364 

- + -3— 


Taking the inverse transform, 

v 2 (0 = -7.645 x 10 ' 5 e 212 - 8( +4.167xl0' 3 e' 28 - 82 '-4.091xl0' 3 + 0.1364 t\ u(t)V 


(a) v 2 (l ms) = 

(b) v 2 (100 ms) = 

(c) v 2 (10 s) = 


-5.58xl0' 7 V 
-1.334x10 s V 
-1.154xl0 920 V. 


This is pretty big- best to start running. 
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We need to write three mesh equations: 
5.846s+ 2.699 


Mesh 1: 

Mesh 3: 

Mesh 4: 

Solving, 

Ii = - 0 . 001 s 


s + 4 


f 13333 
2 + —- 

v s ) 


I, - 2I 3 


6 s 

0 = (2 + 1000 /s)I 3 - 2h - ( 1000 /s)I 4 + 

s“ +4 

0 = ( 0 . 001 s + 1000 /s) I 4 -( 1000 /s)I 3 + 10' 6 

(l54s 3 - 2.925xl0 6 s 2 + 1.527xl0 8 s - 2.699xl0 9 ) 

2333s 4 + 6.665 xIOV + 1.333 x109s 2 + 2.666 xl0 6 s + 5.332 xlO 9 


0.6507Z12.54 0 0.6507Z-12.54 0 

+ 


s + 142.8 - 7742.3 s + 142.8 + y742.3 
0.00101Z-6.538 0 0.00101Z6.538 0 


+ 


-+ 


s -j 2 

which corresponds to 


s + j 2 


- 6.601x10 


i'i(0= 1-301 e' 1428( cos (742.31+ 12.54°) + 0.00202 cos (2l-6.538°)-6.601x10° 6 ( 1 ) A 


and 


I 3 = -0.001 


(154s 4 + 3.997xIOV + 1.547x10V + 3.996xl0 12 s - 2.667xl0 6 ) 
(s 2 +4)(2333s 2 + 6.665 xl0 5 s + 1.333xl0 9 ) 


0.7821Z-33.56 0 0.7821Z33.56 0 


s + 142.8 - 7742.3 s + 142.8 + 7 742.3 
_ 1.499Z179.9 0 1.499Z-179.9 0 


s -72 s +j2 

which corresponds to 

i 3 (l) = 1.564 e‘ 142 ' 8? cos (742.31-33.56°) + 2.998 cos (2l+ 179.9°) A 
The power absorbed by the 2-Q resistor, then, is 2 [z/ ( 1 ) - z 3 ( 1 )] or 


Pif) = 


2[ 1.301 e‘ 142 ' 8( cos (742.31+ 12.54°) + 0.00202 cos (21-6.538°) - 6.601xl0‘ 5 6 ( 1 ) 
- 1.564 e 142 ' 8 'cos (742.31-33.56°) - 2.998 cos (2l+ 179.9°)] 2 W 
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r R 

(a) We first define Z e fr = Rb || r^ || (l/sC*) =- 5 — -. Writing two nodal 

r + R H + r R r C s 

71 D 7T d 7T 

equations, then, we obtain: 

0 = (V,-Vs)/Rs + V, (r K + R b + r* R B C,s)/r K R B + (V,-V 0 )C M s 
and 

-gmV k = V 0 (Rc + Rl)/RcRl + (Vo - Vp) C iLl s 
Solving using MATLAB, we find that 



(b) Since we have only two energy storage elements in the circuit, the maximum number 
of poles would be |two.| The capacitors cannot be combined (either series or in parallel), 
so we expect a second-order denominator polynomial, which is what we found in part (a). 
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25. 



(b) Z TH = (5 + 0.00Is) || (500/s) 


2500s + 0.5 
0.001s 2 + 5s+ 500 


Q 


Vth - (3/ s)Zjh 


7.5xl0 6 s + 1500 
s(s 2 + 5000s + 5xl0 5 ) 


(c) V 


1 


7.5xl0 6 s+ 1500 


in 


1 +Z 


TH 


s(s 2 +505000) 1 


+ 


2500s + 0.5 
0.001s 2 + 5s+ 500 


2.988 10.53Z-89.92 0 1Q.53Z+89.92 0 

s + 2.505xl0 6 s + y‘710.6 S-/710.6 

2.956 2.967 xlO' 3 

+ - + - 

s +0.1998 s 


Thus, i'm= vm(0 = 


[-2.988 e - 2 - 505xlo6, + 2.956 e -0 ' 1998 ' + 2.967xl0' 3 
+ 21.06 cos(710.67 + 89.92°)] u(t) 


10 March 2006 
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26. 

Ic 

500/s Q 



This “unphysical” solution arises from the circuit above 

attempting to force the voltage across the capacitor to change in zero time. 
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27. 


V = 

' TH 


"A 

UJ 


f n 

3 H— 

V s ) 


110 s 


( i A 


3 + 


3 + 


110 s 


V V s; 


f 1 ^ 

s 

3 + - 


70 


60s 2 + 19s+ 3 


V 


7 = 


r \\J- 30s ^ 

3 + 


vs; 


V 


3 + 10s 


A 

s; 


rn 

f 9 + 60sV 


UJ 

v 3 + 10s j 

9 +60s 


1 | 9 +60s 60s 2 + 19s + 3 

s 3 +10s 


Q 


Z... =--+7s 2 = 


Total 


60s 2 + 19s + 3 


Thus, 


I(s) = 


70 


60s 2 + 19s+ 3 


420s 4 + 133s 3 + 21s 2 + 60s + 9 
60s 2 + 19s+ 3 


60s 2 + 19s+ 3 

v 420s 4 + 133s 3 +21s 2 + 60s + 9 y 


Q 


A 



10 March 2006 
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28. We begin by noting that the source is not really a dependent source - it’s value is not 

based on a voltage or current parameter. Therefore, we should treat it as an independent 
source. 


Z,/, = —II (2s+ 10) = - 


-(2s + 10) 
s 

+ (2s + 10) 



V* = 


2 

s 


10 + 2s + — 

v s ) 


( qA 


Vs; 


( 10 ) 


90 


s(s~ +5s + l) 


V 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers 
and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 














www.elsolucionario.net 


29. 


Engineering Circuit Analysis, 7 th Edition 


Chapter Fifteen Solutions 


10 March 2006 


Beginning with the source on the left (10/s V) we write two nodal equations: 


f 


10 


V, -- 

v s j 


+ 


1 


+ 


;V/ + 


V/-V' 


47000 30303 1 56 + 336xl0‘ 6 s 

V/-V/ 


= 0 


-v, + 


= 0 


47000 10870 z 56 + 336x10 s 

Solving, 

303030(0.3197x10° +0.1645xl0 n s + 98700s 2 ) 


% = 


V = 
v 2 


s(0.4639xl0 10 s 3 + 0.7732 xlO'V + 0.5691xl0°s + 0.1936x10°) 


■\15„2 


18 „ 


a 18 x 


0.9676x10 


18 


s(0.4639xl0 10 s 3 + 0.7732xl0‘V + 0.5691xl0°s + 0.1936x10°) 


a15„2 


18 > 


Shorting out the left source and activating the right-hand source (5 - 3/s) V: 
1 


47000 


v,' + ^v; + „ V| ,;,. V * 


30303 


56 + 336x10 s 


0 


V-5+- V "_y" 

-- + —'V 2 " + _ \„\ , 6 


47000 10870 


0 


Solving, 


vr = 


V = 
y 2 


56 + 336x10 s 
0.9676x10 17 (5s-3) 


s(0.4639x10 io s 3 +0.7732xl0V + 0.5691x10 18 s + 0.1936x10 18 ) 
7609(705000s 3 +0.1175x10 12 s 2 + 0.6359x10 14 s - 0.3819x10 14 ) 


s(0.4639x 10 10 s 3 + 0.7732xl0°s 2 + 0.5691xl0 18 s + 0.1936xl0 18 ) 
Adding, we find that 


v = 


_30303(0.2239x10 + 0.1613xl0°s + 98700s 2 )_ 

s(0.4639xl0 10 s 3 + 0.7732xl0V +0.5691xl0 18 s + 0.1936xl0 18 ) 


= 7609(705000s +0.1175x10 s + 0.6359xl0 14 s + 0.8897xl0 14 ) 

2 s(0.4639xl0 10 s 3 + 0.7732 xl0 15 s 2 + 0.5691xl0 18 s + 0.1936xl0 18 ) 

(b) Using the ilaplaceQ routine in MATLAB, we take the inverse transform of each: 


vi(f) = [3.504 + 0.3805xl0‘2 e‘ 165928/ - 0.86 1 8 e 7m - 2.646 e ’ 0 3404 '] w(0 V 
v 2 (0 = [3.496 - 0.1365x1 O ’ 2 e 165928f + 0.309 e‘ 739f - 2.647 e 0M04, ]u(t) V 
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30. (10/ s)(l/47000) = 2.128x10" 4 / s A 

(5 - 3/s)/ 47000 = (1.064 - 0.6383/ s)xl0' 4 A 


Z L = 47000 || (30303/ s) 
Z R = 47000 || (10870/ s) 


1.424xlQ 9 
47000s + 30303 
5.109xl0 8 
47000s + 10870 


Convert these back to voltage sources, one on the left (V L ) and one on the right (Vr): 

f 1 /iO/i.,in9 A 


V L = (2.128 x 10‘ 4 / s ) 


1.424x10 


v 47000s+30303, 


3.0303x10 


s(47000s + 30303) 


V 


V R = (1.064-0.6383/ s)xl0 
54360 


-4 


5.109xl0 8 
47000s + 10870 
32611 


47000s + 10870 s(47000s + 10870) 


\ 

J 


Then, I 56 n = 


Vl-Vr 

Z L +Z R + 336x10' 6 s +56 


2.555x10V - 1.413xl0 10 s - 4.282xl0 9 

= - 6250 ^- 7 - 

s(4.639xl0V + 7.732x10 14 s 2 + 5.691xl0 17 s + 1.936xl0 17 ) 

0.208 0.0210 1.533xl0~ 18 

~s+ 1.659xl0 5 s + 739 s + 0.6447 

2.658x IQ' 5 2.755xl0~ 18 1.382x10^ 

s + 0.3404 + s +0.2313 + s 

Thus, 

i 56 n(t) = [0.208 exp(-1.659xl0 5 f) - 0.0210 exp(-739f) - 1.533xl0' 18 exp(-.06447f) 

+ 2.658xl0' 5 exp(-0.34047) + 2.755xl0' 18 exp(-0.23130 + 1.382xl0' 4 ] u(t) A. 


2 

The power absorbed in the 56-Q resistor is simply 56 [/ 56 n(t)]“ or 


56 [0.208 exp(-1.659xl0 5 0 - 0.0210 exp(-739f) - 1.533x1 O' 18 exp(-.064470 
+ 2.658xl0' 5 exp(-0.34041) + 2.755xl0‘ 18 exp(-0.2313f) + 1.382xl0' 4 ] 2 W 
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31. (a) Begin by finding Z TH = Z N : 

Z TH = 47000 + (30303/ s) || [336xl0‘ 6 s + 56 + (10870/ s) || 47000] 


4.639x109s 3 + 7.732 xl0 14 s 2 + 5.691xl0 17 s + 1.936xl0 17 
98700s 3 + 1.645x10'°s 2 + I.21xl0 l3 s+ 2.059xl0 12 


To find the Norton source value, define three clockwise mesh currents Ii, I2 and I3 in the 
left, centre and right hand meshes, such that I N (s) = -Ii(s) and the 10/s source is replaced 
by a short circuit. 

(47000 + 30303/s) Ii - (30303/ s) I 2 =0 

(10870/ s + 56 + 336xl0' 6 s + 30303/ s) I 2 - (30303/ s) Ii - (10870/ s)I 3 = 0 
(47000+ 10870/ s)I 3 - (10870/s)I 2 = -5 + 3/s 
Solving, 

_ 2.059x10 12 (5s - 3) _ 

N _1 s(4.639xlOV+7.732xl0 14 s 2 +5.691xl0 17 s + 1.936xl0 17 ) 


(b) Isource = (10/ S) (1/ Z TH ) - I N (s) 


= 0.001(0.4579x 10 13 s 6 +0.1526xl0 19 s 5 + 0.1283xl0 24 s 4 + 0.1792xl0 27 s 3 

+ 0.6306 xl0 29 s 2 + 0.3667 xl0 29 s + 0.5183xl0 28 )[s(4639s 3 + 0.7732 xl0 9 s 2 
+ 0.5691x 1012s + 0.1936xl0 12 )(0.4639x 10 10 s 3 +0.7732 xl0 15 s 2 + 0.5691xl0 18 s 
+ 0.1936xl0 18 )] 4 

Taking the inverse transform using the MATLAB ilaplaceQ routine, we find that 
4ource(0 = 0.1382X10' 3 + 0.8607X10' 8 exp(-1659301) + 0.8723xl0' 7 exp(-739l) 

+ 0.1063x 10' 3 exp(-0.34031) - 0.8096x 10' 7 exp(-165930l) 

+ 0.1820xl0' 4 exp(-739l) - 0.5xl0' 4 exp(-0.3404l) 


e (1.5 ms) = 2.0055 x 10' 4 A 


200.6 pA 
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32. We begin by shorting the 7 cos 41 source, and replacing the 5 cos 2 1 source with —-. 

s + 4 

(a) Define four clockwise mesh currents Ii, I 2,13 and I x in the top left, top right, bottom 
left and bottom right meshes, respectively. Then, 


s 2 +4 

= (12+ l/2s) I 3 — 7 Ii - (1/ 2s) I x 

[1] 

0 

= -4 I x + (9.5 + s) It — s I 2 — 7 I 3 

[ 2 ] 

0 

= (3 + s + 2/ s) I 2 — s Ii — 3 I x 

[ 3 ] 

0 

= (4 + 3s + l/2s) I x - 3 I 2 - (l/2s) I 3 

[4] 

v; 

= (I 3 - I x ) ( 2 s) 

[5] 


Solving all five equations simultaneously using MATLAB, we find that 

, = _ 20s 3 (75s 3 + 199s 2 + 187s + 152) _ 

1 1212s 6 + 3311s 5 + 7875s 4 + 15780s 3 + 12408s 2 + 10148s + 1200 

7s 

Next we short the 5 cos 2 1 source, and replace the 7 cos 4 1 source with —-. 

s' +16 

Define four clockwise mesh currents Ii, I 2,13 and I x in the bottom left, top left, top right 
and bottom right meshes, respectively (note order changed from above). Then, 


0 = (12 + l/2s) Ii - 7 I 2 - (1/ 2s) I x [1] 

0 = -4I x + (9.5 + s)I 2 -sI 3 -7I 1 [2] 

— = (3 + s + 2/s)I 3 -sI 2 -3I x [3] 

s' +16 

0 = (4 + 3s + l/2s) I x - 3 I 3 - ( l/2s) Ii [4] 

V/' = (It-I*) (2s) [5] 


Solving all five equations simultaneously using MATLAB, we find that 


_-56s 4 (21s 2 -8s- 111)_ 

(l212s 6 + 3311s 5 + 22420s 4 + 55513s 3 + 48730s 2 + 40590s + 4800) 


The next step is to fonn the sumVi(s) = v; + v," , which is accomplished in MATLAB 
using the function symaddQ: V1 = symadd(Vlprime, VIdoubleprime); 


= _ 4s 3 (8 Is 5 + 1107s 4 + 7313s 3 + 17130s 2 +21180s + 12160) _ 

l,M (s 2 +4)(l212s 6 + 3311s 5 + 22420s 4 + 55513s 3 + 48730s 2 + 40590s + 4800) 
(b) Using the ilaplacei) routine from MATLAB, we find that 

vff) = [0.2673 5(f) + 6.903xl0‘ 5 cos 2t- 2.403 sin 2t- 0.1167 e‘ ly/lr 

- 0.1948 e‘°' 3315( cos 0.903f + 0.1611 e -03115 ' sin 0.903f - 0.823xl0‘ 3 e' 0137fo 
+ 3.229 cos 4 1 + 3.626 sin 4 1] u(t) V 
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(a) We can combine the two sinusoidal sources in the time domain as they have the same 
frequency. Thus, there is really no need to invoke source transformation as such to find 
the current. 


65 cos 10 3 f <=> „ „ , and 13 mH —> 0.013s Q 


s 2 + 10 6 


We may therefore write 
I(s) 


( 65s ^ 

f 1 1 


5000s 

U 2 + io 6 J 

v 83 + 0.013s ) 


(s 2 + 10 6 )(s + 6385) 


0.7643 0.3869Z-8.907 0 0.3869Z8.907 0 

■ + -7-7- + ■ 


(s + 6385) (s-ylO 3 ) 


(s+ylO 3 ) 


(b) Taking the inverse transform, 
i(t ) 


[-0.7643 e' 6385( + 0.7738 cos (10V- 8.907°)] u(t) A 


(c) The steady-state value of i(t ) is simply 0.7738 cos (10 3 f- 8.907°) A 
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34. (a) 


7s 


s(3s 2 -9s + 4) 3(s' -3s; 4 - 


3 11 

Poles at — ±. — , double zero at oo. 

2 V12 



(b) 


s 2 —1 

(s 2 +2s + 4)(s 2 + l) 



( s+ 0 

(s-l) 


( s +1 + 7 a/3 ) 

(s + 1- 

iS) 

( s + j) 

( s -7‘) 


Zeroes at s = -1, + 1, oo 

Poles at -l + jy/3, -l-jy/3, ±j 
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35. (a) 


3s 2 


3s 


s(s 2 +4)(s-1) (s + j2)(s-j2)(s-1) 


Poles at ±j2, 1; zeroes at s = 0, oo. 


(b) 


s +2s-l 


(s + l + V2)(s + l-V2) 


s 2 (4s 2 +2s + l)(s 2 -l) 


1 .V3Y 1 -V3 


s + -+ ] 

4 4 


s + --J 
4 4 


(s + l)(s-l) 


1 V3 

Poles at s = ±1, —± / —, double at s = 0 
4 4 


Zeroes at -1± jyfl. 


oo 
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(a) 


(b) 


(c) 

(d) 


+ 5^ 

5 H— 


(2 + 5s) , 

(5s + 5)(2 + 5s) 25s 2 + 35s+ 10 


5s + 7 + 5/s 5s + 7s + 5 5s +7s + 5 


. . 5s + 7s + 5 

+, 00 = 2 — -— 

25s + 35s+ 10 


Poles: s 2 +1.4s + 0.2 = 0, s = 


-1.4 ++1.96-1.6 


-l.-0.4s" 1 


—1 4 +J] 96 — 4 - 

Zeros: s 2 +1.4s + l = 0, s = ' ' -= -0.7±70.7141s" 1 


Poles: same; s = -l, -0.4 s 


Zeros: same; s = 


-0.7 ± 70.7141 s~ 
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37. 


(a) Regarding the circuit of Fig. 15.45, we replace each 2-mF capacitor with a 500/ s Q 
impedance. Then, 


Zin(s) 


( 


500 


20 + 
v s 


f 


500 


40 + 

v s ) 


60 + 


100 


13 ,3 3 (s + 25)(s + i2.5) 

s(s +1.667) 


s 

Reading from the transfer function, we have 


zeros at s = -25 and -12.5 s' 1 , and 
poles at s = 0 and s = -1.667 s' 1 . 


(b) Regarding the circuit of Fig. 15.47, we replace the 2-mF capacitor with a 500/ s Q 
impedance and the 1-mH inductor with a 0.00 ls-Q impedance. Then, 


f 


Zin(s) = 


55 + 500 

V s ) 


(100 + 0.001s) 


155 + — + 0.001s 


55 


(s + — )(s + 10 5 ) 

55 

(s+ 1.55x10 5 )(s +3.226) 


Reading from the transfer function, we have 


zeros at s = -9.091 and -10 5 s' 1 , and 
poles at s = -1.55x10 s and s = -3.226 s' 1 . 
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38. 

(a) 


(c) 

(d) 


Y(s) : zeros at s = 0; -10; poles at s = -5, -20 s *; Y(s) -A 12 S as s—» oo 
Ks(s +10) 


Y(s) = 
Y(s) = 


K = 12 ' 

(s + 5)(s + 20)’ 

12s(s +10) 12s 2 + 120s 


(s + 5)(s + 20) s 2 + 25s + 100 


.-. Y(yi0) =- 1200 + y 12Q0 = 4 goo + ;4.800 = 


-100 + y250 + 100 


6.788Z45 0 S 


(b) Y(-yi0) = 


6.788Z - 45° S 


Y(-15) = 


12(—15)(—5) 
(-10)5 


-18 S 


5 + Y(s) = 5 + 
Zeros: s 


12s 2 + 120s 17s 2 + 245s + 500 -245 ± ^245 2 - 68(500) 


s 2 + 25s+ 100 


(s + 5)(s + 20) 
2.461 and -11.951 s' 1 , Poles: s = 


, s = - 


34 


-5,-20 s' 
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(a) 


0.2(6s + 9) 
4 + s 5 + 5s (4 + s)(l + s) 


y.=-U. 1 


.-. z... = 


5(s + l)(s + 4) 
6(s + 1.5) 


(b) Poles: s 


-1.5,oo 


Zeros: s = 


-1, -4 s' 


10 March 2006 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers 
and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 









www.eisolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Fifteen Solutions 10 March 2006 


40. 


H(s) = 


s + 2 

(s + 5)(s“ + 6s + 25) 


(a) S{f) «> 1, so the output is 


s + 2 


(s + 5)(s + 6s + 25) 


(b) e 4t u{t ) <=> 1 / (s + 4), so the output is 


s + 2 


(s + 4)(s + 5)(s' + 6s + 25) 


2s 

(c) 2 cos 15f u(t) <» —-, so the output is 

s + 225 


2s(s + 2) 


(s 2 + 225)(s + 5)(s + 6s + 25) 


(d) t e 1 u(t) <» 1/ (s + 1), so the output is 


s + 2 


(s + l)(s + 5)(s‘ + 6s + 25) 


(e) poles and zeros of each: _ 

(a) : zero at s = -2, poles at s = -5, -3 ± j4 

(b) : zero at s = -2, poles at s = -4, -5, -3 ± j4 

(c) : zeros at s = 0, -2, poles at s = ± j 15, -5, -3 ± j4 

(d) : zero at s = -2, poles at s = -1, -5, -3 ± j4 
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41. h{t) = 5 [u (t) - u (t- 1)] sin nt x{t) = 2[u(f) - u(f - 2)] 


y(t) = J h{X)x(t-X) dX 
t< 0: y(t) =0 


0<f< 1: y(t) 
\<t<2\ y(t) 
2<t<3: y(t) 


r 10 

= lOsin^vl dX =- costvX 

J o X 


f lOsin tvX dX = 

Jo 

f lOsin^/l dX = 

it- 2 


20 

n 


t 

o 

1 

o 

o 

0 

TV 


10 3 
- COSTVX 

TV 


10 


—[-1 - cos(;zt - 2;r)] 


(10/ TV) (1 + COS TVt) 


t-2 


TV 
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/i(0 = e" 5 ' u(t)J 2 (t) = (1 - e’ 2 ') u(t) 


(a)/i*/2= \™f x (A)f 2 (t-A)dA 
f<0:/i */2 = 0 

t> 0: f *f 2 = jV 5i (l - e 2A - 2t ) cU = £(e~ 5i - e~V 3A ) dA 


1 5L 

—e 5A 

i 

+ -e 2t e 

t 

{1 2 _ 5t 1 
|-+—e --e 

u(t) 

5 

o 3 

0 

^5 15 3 ) 



(b) Fi(s) = 1/ (s + 5), F 2 (s) = 1/s - 1/ (s + 2) 
Fi(s)F 2 (s) * ' 


a b c 

= - + - + 


s(s + 5) (s + 5)(s + 2) s s + 2 s + 5 
Where a = 0.2, b = -1/3, and c = -1/5 + 1/3 = 2/15. 


Taking the inverse transform, we find that f\* fi 
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43. The impulse response is v 0 (f) = 4 u(t) - 4u(t - 2) V, 

so we know that h(t) = 4u(t) - 4u(t - 2). Vi(f) = 2 u{t - 1), and v Q (t) = hit ) * v; (t). 


Thus, v Q (t) = ^ Ji{A)v i (t-T) dA = 8| o [u(/l)-M(/l-2)]w(f-/l-l) dX 

or v o (0 = %^[\-u{^-2)]u(t-X-\)d^. [1] 

For A > 2, this integral is zero. 

Also, the second step function results in a zero value for the integral except 
when t - A- l> 0, or A<t- l. 


With a lower limit of A = 0, this means that t > 1. When t > 3, however, we do not must 
be careful to constrain A to less than 2, so we split the integration into two parts: 


l<f<3:v 0 = f 8 rf/l = 8f - 8 V 

J 0 - 

t> 3: v 0 = f 8 dA -\ 16 V 

J 0 - 


and, of course, for t < 1, the output is 


zero. 
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h(t ) = 2e' v u(t), x{t) = u(t) - 5(t ) 
( a ) y(t) = J _h(X)x(t-X)dA 


t < 0 : y(t) = 0 
t>0:y(t) = 2^e^[\-d{t-X)\dA = 2 


= -(l-e -3 >(0 - 2e _3, «(0 


-- e~ u u(t ) 

t 

- e~ 3> u(t) 

3 

0 



(b) H(s) = 


s + 3 


X(s) = - -1 
s 


2(1 - s) 2 (\\ 

thus, Y(s) = — j - ~r 

sfs ■ 3) 3U; 


8 ^ 1 ^ 
3 i s + 3 


Taking the inverse transform, we find that y(t) = 
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45. h{t) = 5 u{t) - 5 u(t - 2), so H(s) = — - 5e' 2s 

s 


(a) Vin(0 = 38(0, so Vin(s) = 3 
Vout(s) = Vin(s) H(S) 


” - 15e- 


. V ou t(0 = -0 " 1 {Vout(s)} = 15 u(t) — 15 u(t - 2) 


(b) VinCO = 3u(0, so V in (s) = - 

s 



f 3 ^j 

f s ^ 


Vout(s) = Vin(s) H(s) = 


- - 5e' 2s 

= 


U J 

Is J 



15 15 2s 

= — - — 1 e _ • 

s s 


if- 2 ) = 

15 t u(t) - 15 u (t - 2 ) 

- -3e' 
s 

2s 



V out(s) = Vin(s) H(S) = 

(-X \ 

- - 3e- 2s 

f 5 5 

- - 5e- 2s 

— 

15 30 _ 2s _ 4 S 

——-e + 15e 


Ls J 

Is J 


s" s 


v ou t(0 = £ "* {Vout(s)} = 15 t u(t) - 30 u\t - 2) + 15 u 2 (t - 4) 


15 t u(t) - 30 u (t - 2) + 15 w(0 


(d) Vin(0 = 3 cos 3 1, so 

V '" (S) ‘ A 9 


V out (s) = V m (s) H(s) = 

15 15s _ 2s 


s 2 + 9 s 2 + 9 


V O ut (0 = -^-" I {Vout(s)} = 

5 sin 3 1 u(t ) - 15 cos [3(7-2)] u(t - 2) 
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46. (a) Since v o (0 = v in (t), H(s) = 1. Thus 


h{t) = Sit). 


/•oo pco 

(b) v c it) = I v in ix)hit - x)dx = I v., ix)Sit - x)dx = v in it) = 8 u(t) V 

J— 00 J —CO - 
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(a) Since v 0 (t) = v in (t), H(s) = 1. Thus 


h(t) = <5(0 


/•oo poo 

(b) v 0 (!) = I v in (x)h(t - x)dx = I v in (x)8(t - x)dx = v in (t) = 

J —CO J —CO 


8 c n(0 V 
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48. 


I = 


10 


f 


+ 20 20 


10 


20 + 

v s ) 


10 20(20 + 10/s) 


40 + 10/s 


10 40s + 20 40s 2 + 60s +10 

s 4s +1 4s 2 + s 


= V, 


40s‘ + s 


40s 2 + 60s+ 10 


20 


2 s 


top 


10 


40 + 


10 


= I - + 20I top = V ; 


H(s) = 


s 

V„, 


4s+ 1 
4s+ 1 


= V., 


2s 2 


40s 2 + 60s+ 10 


4s 2 


4s 2 + 6s +1 4s 2 + 6s +1 

4s 2 +4s + 1 s 2 +s + 0.25 


(s + 0.5) 2 


4s 2 + 6s +1 s 2 +1.5s + 0.25 (s + 0.19098)(s +1.3090) 


zeros: s = -0.5,5 = -0.5; poles: s = -1.3090,-0.19098 
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49. 

(a) 


H(s) = V 2 (s) / Vj (s), H(0) = 1 


••• H(s) = 


K(s + 2) 


_ K(s + 2) 

(s +1 + y 4)(s +1 - y'4) s 2 + 2s +17 


1 = 2 — , so K=8.5 
17 

ti xj/- \ 8.5(s + 2) 

Thus, H(s) = —z - 

s 2 +2s + 17 

Let co = 0 H(ct) = ^- 5(a + 2) 
a 2 + 2a+ 17 



sigma 



(c) 


By trial & error: |H(yco)| max 


4.729 at co = 4.07 rad/s 
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50. (a) pole-zero constellation (b) elastic-sheet model 




(s+l ) 2 


(c) H(s) 


s + 0.5 + j 


.VI 


s + 0.5 -j 


.VI 


s 2 + 2s + 1 _ i + s 
s 2 + s + 1 s 2 + s + 1 


0+T 

s 2 + s + 1 


We can implement this with a 1-Q resistor in series with a network having the impedance 
given by the second tenn. There are two energy storage elements in that network (the 
denominator is order 2). That network impedance can be rewritten as 
s 1 

, which can be seen to be equal to the parallel combination of a 1-Q 


s + s + 1 


S + 1 + 


1 


resistor, a 1-H inductor, and a 1-F capacitor. 
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51. H(s) = (10s 2 + 55s + 75)/(s 2 +16) 


(a) H(s) = 10 j— ——^ 7 —. Critical frequencies: zeros at-3, -2.5; poles at ± j4. 
(s+/4)(s -y'4) 



(c) 

(d) 


H(0) = 4.679 K = 3, so K = 0.64 


0.64 

-90 + 75 + y 165 

0.64 | 1C 

=- -15 + /165 = 

15.15 cm 


7 

7 1 1 
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52. 


(a) Y(s) = 


5s 2 + 5s + 2 
5s 2 + 15s +2 


(s + 0.5 + ;0.3873)(s + 0.5 -y0.3873) 
(s +2.86)(s +0.1399) 


Zeros: s = -0.5 ±y'0.3873 
Poles: s =-2.86, s =-0.1399 



(b) elastic sheet model 



(c) lattitude 5°5’2”, longitude 5° 15’2” puts it 


a little off the coast of Timbuktu. 
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53. H(s) = —; H(-2) = 6 


(a) 


(b) 

(c) 


H(s) = K 


(s - l)(s + l)(s + 3) 

(s + 3 + ./2)( S + 3-./2) 


H(-2) = 6= ( 3)( 1)K = — .-. K = 10, 

(1 + j2)(l - y 2) 5 
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54. 


Z 4 : zero at s = -10 + JO; Z 4 +20 : zero at s = -3.6 + JO 

R/sC R 1/C 5S + 5/RC + 1/C 


,-.Z, = 5 + - 


R + l/SC 


= 5 + - 


sCR + 1 


= 5 + - 


s + l/RC 


s + l/RC 


:.Z A = 


5(s + 1/RC + 1/5C) 
s + l/RC 


1 


1 


Thus, using the fact that Z A = 0 at s = -10, we may write-1-= 10 


Also, Z B = 25 + 


1/C 


25s + — + - 25 

RC C 


f 


RC 5C 
RC 25C , 


1 


s + l/RC s + l/RC 

4 


s + - 


1 

RC 


1 1 

-1-= 3.6 or - 

RC 25C 25C 


= 6.4, 


25 mF, 


C = — 
40 


40 4° in 40 _ 

— -l-= 10, — = 2, so R = 

R 5 R 


20 Q 
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55. H(s) = 100(s + 2) /(s 2 + 2s + 5) 


. . „ , -2 + >/4-20 , „ 

(a) zero at s = -2, poles at s =-= -1 ± j2 


(b) H(/'oj) = 


100 (2+ /to) 


(5-co ) + y'2co 



(c) |H(jco)| = 


too. 


co“ + 4 


co -6co +25 


(d) 



(e) 


co 2 + 4 d |H(y(o)| 2 _ (to 4 - 6co 2 + 25)2co - (co 2 + 4)(4co 3 - 12co) 


|HQ-co)| 2 ____ 

10 000 co 4 -6co 2 +25’ c/co etc 

co 4 - 6co 2 + 25 = (co 2 + 4)(2co 2 - 6), co 4 - 6co 2 + 25 = 2co 4 + 2co 2 - 24, co 4 + 8co 2 - 49 = 0 

-8± V64 + 196 


.‘. co‘ = 


= 4.062 .'. co.„„„ = 


2.016rad/s 


H(7'2.016) =68.61 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers 
and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 





























www.eisolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Fifteen Solutions 10 March 2006 


5s+ 20 

56. Z,,(s) =-— Q 

s + 2 


(a) v„ s (0) = 25V;Z,„( S ) = 


5(s + 4) 
s + 2 


V = Z I 

’ * ab in l u 


H(s) 


5(s + 4) 
S + 2 


, single pole at s = -2 v ab ( t ) = 25e V, t > 0 


(b) i, (0) = 3 A .'. I . = —^ H(s) = = S + ^ single pole at s = -4 

ahK ’ ab Z V. Z 5(s + 4) 5 p 

in in in \ J 


:.i ah (t)^3e- 4, A,t>0 
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57. Z,„ (s) = 5(s 2 + 4s + 20) /(s +1) 


(a) 


(b) 


I = 


= 160tT 6 'V .-. \ ab = 160 V, s = -6 

\ ab 160(s + l) _ 32(-5) = -5 A i a (t ) =|-5g~ 6 'A (all!) 


5(s 2 + 4s + 20) 3b - 24 + 20 


v ab = 160 e-*‘u(t), 4(0) = 0,4' (0) = 32A/s /. H(s) = ^ 


s + 1 


5(s 2 +4s + 20) 


= 4±Vl6 80 = _ 2 ± j 4 ... ^^ = _ 5e - 6 t + e -it (ACQS4f + Bsin o = -5 + A, A = 5 


4' (0) = 32 = 30 -10 + 4B .-. B = 3 i a ( t ) =| [~5e~ 6 * + e~ 2 ' (5 cos At + 3 sin 4Q] u(t ) A 
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58. 

(a) 

(b) 

(c) 

(d) 

(e) 

(0 

(g) 
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59. 

(a) 


H(s) = I„/V„=^- = 


1 


10 s + 20 


50 + 


6s(4s + 20) 24s 2 + 620s +1000 
10s+ 20 


s = (-620 ± ^620 2 - 96,000) = 


-1.729 and -24.10 s' 


(b) Note that the element labeled 6 H should be an inductor, as is suggested by the context of 
the text (i.e. initial condition provided). Convert to s-domain and define a clockwise mesh 
current I 2 in the right-hand mesh. 


500 

s 



Mesh 1: 0 = -500/s + (50 + 6s)I m -30 - 6s I 2 [1] 

Mesh 2: 0 = 30 + (20 + 10s) I 2 - 6s I in - 8 [2] 


Solving, we find that 

in 


42s 2 + 1400s +2500 
s(6s 2 + 155s+ 250) 

a b c 


7s 2 + 233.3s +416.7 
s(s + 24.10)(s + 1.729) 


s + (s +24.10) + (s + 1.729) 


where a = 10, b = -2.115 and c = -0.8855. Thus, we may write 

i m (t) = [10-2.115 e ' 2410( - 0.8 8 5 e' L729 '] u(t) A 
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60. 

(a) 

(b) 


V = 50( 1000/ s) 

I 50 + (1000/s) 


1000 
s + 20 


2 

f 2^| 

f 1000 ] 

— so V(s) = 



s 

uJ 

[(s + 2U)J 


2000 
i(s + 20) 


= * + 


s + 20 


a = 


2000 


(s + 20) 


= 100; b = a = 


2000 


s=0 


M 


= -100 


s=-20 


m , 100 100 , 

Thus, V(s)=-and 

5 s + 20 


v(0 = 100 [l-e' 20 ']«(OV 


(c) 


(d) 


This function as written is technically valid for all time (although that can’t be possible 
physically). Therefore, we can’t use the one-sided Laplace technique we’ve been 
studying. We can, however, use simple s-domain/ complex frequency analysis: 


i s = 4e- 10 ‘ A .-. I = 4A, s = 10 V = 4H(-10) = 4x 


v(t) = 400e 10 ' Y (all t) 


1000 

10 


= 400 V .-. 


4e _10f M(0 <=> — ,soV(s) : 
s + 10 

a = 400 and b = -400, so v(t) = 


f 4 ) 

f 1000 > 

a 

v S + 10y 

v s + 20 y 

s + 10 


+ 


400 [e' 10( - e' 20r ] u(t) V 
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61. 

(a) 


(b) 


100 


v 

H(s) = -£*- = 

V.. 


( 100^ 25 

20 + — — 

l s J s 


20 + 


100 


20 + 


125 


50 + 


(20s+ 100)25 
s(20s + 125) 


H(s) = 


2500 


s(20s + 125) 


s(20s +125) 1000s 2 + 6250s + 500s + 2500 


H(s) = 


2.5 


s 2 +6.75s + 2.5 


No initial energy stored in either capacitor. With v s = u(t), V s (s) 
2.5 a . b c 


Vc2 - 


■=“ + 


+ 


s(s + 6.357)(s + 0.3933) s s +6.357 s + 0.3933 
Where a = 1, b = 0.06594 and c = -1.066. Thus, 


VC2(0 = 


[1 + 0.06594 e 6357 '- 1.066 e' 03933 '] u(i) V 
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62. 

Z ra (s) = 


1 


1 


0.1 +0.025s + 
s + 4 


1 


0.1 +0.025s + 


0.05s 


20 +(80/s) s + 4 

40(s + 4) 40(s + 4) 


0.025s 2 + 0.25s+ 0.4 s 2 +10s + 16 (s + 2)(s + 8) 


-Q 


20 u(t) <=> — , SO Vin(s) = 
s 


a = 200, b = -133.3 and c = -66.67, so 


f 20 ) 

40(s + 4) 

l S J 

_(s + 2)(s + 8)_ 


= i + ^ + 


s + 2 s + 8 


Vi n (0 = [200 - 133.3 e' 2( - 66.67 e' 8 '] u(f) V 
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63. 

H(s) = -- 


(a) 


„ m3 10 ^ conn . xx/ y 5000 5000s 

Z, — 10 H-, Z r — 5000 .. H(s) —---—-— 

s f 1000 + (10 8 / s) 1000s+ 10 8 



■\3 , i a 8 


\4 , i a 8 
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64. 

R f = 20 kQ, H(s) = = -R_ / C 1 


f 1 A 

s + - 


V R iC iy 


.'. H(s)= -2x 10 4 Cj 


f 1 A 

s + - 


V R .C,y 


(a) 

(b) 


H(s) = -50 


C,=0, 


2xl0 4 


= 50, R, 


400 Q 


H(s) = -10 J (s +10 4 ) = -2 x 10 4 q 

1 


S H- 

V R iC iy 


.-. 2xl0 4 C, = 10~ 


C, = 50 nF 


50x10 9 R, 


= 10 4 , so 


R, = 2 kQ 


(c) H(s) = -10~ 4 (s +1000) = -2 x10 4 Cj 


10 3 .-. R, 


' 1 ' 
SH- 

v R i c , y 


.'. 2x10 4 C, = 10~ 


C, =5nF 


R iC> 


(5xl0' 9 )(l0 3 ) 


200 kQ 


(d) Stage 1: Need a s imple inv erting amplifier with gain of-1, so select Ci = 0, and 


Ri — Rf— 20 kQ. 


10 J 

Stage 2: -10 3 = -2 10 4 Ci Ci = — 

2xl0 4 


50 mF 


R 1 C 1 


= 10 5 


R, = 


1 (50x 10' 3 )(l0 5 ) 


200 /A! 
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65. 

(a) 


H(s) = 


= -50, 


(b) 


H(s) = 


—1 / RjC r 

s + l/R / C / 


set] C f = 0 


R y = 20 kD 
R 


-50 =- — ,.R,= :20X10 


3 


R 


50 


400 Q 


H(s) = - 


1000 


1/RjC, 


s + 10 000 s + 1/20 000C, 


.-.10 000 = 


1 


/ 


20 000 C 


f 


= 


1 


2 x 10 8 


= 5 nF 


We may then find R,: 1000 = 


1 


5x10 9 R, 


R, = 200 kD. 


(c) 


H(s) = - 


10 000 


1/RjC 


/ 


s + 1000 s + 1/20 000C 


f 


1 

5 x 10^ 9 R, 


= 1000, R, = 


200 k Q 


.-.1000 = 


1 


20 000 C, 


c, = 


50 nF 


(d) 


V 

H(s) = 


100 


s + 10 5 


1 

► 

o 

£ 

_1 

1 

5 

o 

3 


l 

> 

o 

9 

_1 


RfB 

1 

1 

</) 

+ 

n 

5? 

i_ 

s + 1/ 

5 R c 


s + 1/ 

5 /R c 

/ 1V fA^fA 


Rib 


We may therefore set 


R 


fB 




= 100 


and j/n c = 10\ Arbitrarily choosing 

/K fA U fA 

Arbitrarily selecting 


R fA = 1 kQ 


we find that 


C fA = 10 nF. 


Rib =R ia = 10 kQ 


R ffl = ioo a 


we may complete the design by choosing 
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66 . 


-KTVs + lOO) [-K 4 s] [-K g (s +100)] 


H(s) = 


s +1000 


K c A 


s +1000 


Let H A (s) = -K ( s . Choose inverting op amp with parallel RC network at inverting input. 

0 = ir (1+,c '*)’ir 

K 1A ^fa 


R 


•••H,(s) = -^-(1 + sR h C,,) = sR a C H = -K„s. SdR li ==o. 


R 


fA 


-R / ,Ci,s = -10 4 Ci,s 


R, 


Then 


■1 A 


R 


Same configuration for H g (s) .'. H g (s) =-K g (s +100) =-— (l + sR lg C lg ) 


R 


IB 


For the last stage, choose an inverting op amp circuit with a parallel RC circuit in the feedback loop. 


1 


R 


fC 


1 


Let H c (s) = -K c 

c s + 1000 R 1C (1 + sR fc C fc ) 
Cascading these three tranfer functions, we find that 


HaHbHc = [-sR^C u ] 







( T3 

1 

R-1B , 



V^IC > 

R fc c fc s +1 


Choosing all remaining resistors to be 10 kO, we compare this to our desired transfer function. 


(Rfc Cfc)' 1 = 1000 so 
Next, 


C fc = lOOnF 


"fB 


R-1B Rffi C 1B 


= 100 so 


C 1B = 1 |uF. 


Finally, RfACiARffiCiBRsc (RicRfcCfc) - 10 , so 


'l A 


1 nF 


Rt; 


Rfi 


Rla 



R 


lb 



Cu 


Ric 


C, 
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67. Design a Wien-bridge oscillator for operation at 1 kHz, using only standard resistor 
values. One possible solution: 

co=2nf= 1/RC, so set (27LRC)" 1 = 1000 

If we use a 1-pF capacitor, then R = 159 O. To construct this using standard resistor 
values, connect a 100-0, 56-0 and 3-0 in series. 

To complete the design, select Rf= 2 kO and Ri = 1 kO. 

PSpice verification: 


Rf 



PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers 
and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 




































































































































www.elsolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Fifteen Solutions 10 March 2006 


68. Design a Wien-bridge oscillator for operation at 60 Hz. One possible solution: 

oo= 2nf= 1/RC, so set ( 271 RC )' 1 = 60 

If we use 10-nF capacitors, then R = 265.3 kQ. 

To complete the design, select Rf= 200 kQ and Ri = 100 kQ. 

PSpice verification: 


Rf 



The simulated output of the circuit 
shows a sinusoidal waveform 
having period 54.3 ms - 37.67 ms = 
0.01663 ms, which corresponds to a 
frequency of 60.13 Hz, as desired. 



0s 10ns 20ns 30ns 40ns 50ns 60ns 70ns 80ns 90ns 100ns 

foqU(uout) 

Tine 
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69. Design a Wien-bridge oscillator for operation at 440 Hz, using only standard resistor 
values. One possible solution: 

co=2nf= 1/RC, so set (27LRC)" 1 = 440 

If we use 100-nF capacitors, then R = 3.167 kQ. To construct this using standard resistor 
values, connect a 3.6-kQ, 16-Q and 1-0 in series. (May not need the 1-0, as we’re using 
5% tolerance resistors!). This circuit will produce the musical note, ‘A.’ 

To complete the design, select Rf= 2 kO and Ri = 1 kO. 

PSpice verification: 


Rf 



Simulation results show a sinusoidal 
output having a period of approximately 
5.128 - 2.864 = 2.264 ms, or a frequency 
of approximately 442 Hz. The error is 
likely to uncertainty in cursor placement; 
a higher-resolution time simulation 
would enable greater precision. 
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70. Design a Wien-bridge oscillator for 440 Hz: co= 2nf= 1/RC, so set (27LRC)' 1 = 440 
If we use 100-nF capacitors, then R = 3.167 kQ. 

Design a Wien-bridge oscillator for 220 Hz :a>= 2iif= 1/RC, so set (27LRC)" 1 = 220 
If we use 100-nF capacitors, then R = 7.234 kQ. 


Using a summing stage to add the two waveforms together: 
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1. We have a parallel RLC with R = 1 kQ, C = 47 pF and L = 11 mFL 
(a) Q 0 = R(C/L)' /2 = 65.37 


(b)/ 0 = cdJ 2tv = (LC )‘ /2 12 7i 


221.3 Hz 


(c) The circuit is excited by a steady-state 1-inA sinusoidal source: 



The admittance Y(s) facing the source is Y(s) = 1/R + 1/sL + sC 

= C(s 2 + s/RC + 1/LCy s so Z(s) = (s/C) / (s 2 + s/RC + 1/LC) and 
Z (jco) = (1/C) (jd) / (1/LC -of + jeo! RC). 

-5 

Since V = 10" Z, we note that |V| > 0 as co —> 0 and also as co —» oo. 
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2. (a) R = 1000 Cl and C = 1 pF. 

Qo = R(C/L)‘ /2 = 200 so L = C(R/ Q 0 ) 2 

(b) L = 12 fH and C = 2.4 nF 


25 pH 


R = Q 0 (L/ C) 

(c) R= 121.7 kQ and L= 100 pH 
C = (Q 0 /R) 2 L 


447.2 mQ 


270 aF 
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3. We take the approximate expression for Q of a varactor to be 

Q « foCjRp/ (1 + of Cj 2 R p R s ) 

(a) Cj = 3.77 pF, Rp = 1.5 Mfi, R s = 2.8 Q 



(b) dQ/d® = [(1 + (,} Cj 2 R p R s )(Cj R p ) - ®CjR p (2®Cj 2 R p R s )]/ (1 + of Cj 2 R P R S ) 


Setting this equal to zero, we may subsequently write 

CjR p (1 + of Cj 2 R p R s ) - <yCjR p (2<yCj 2 R p R s ) = 0 


Or I - (,) Cj 2 R p R s = 0. Thus, ® 0 = (Cj 2 R P R S )“ 1/2 
Qo = Q(co = co 0 ) = 366.0 


129.4 Mrad/s 


21.00 MHz 
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4. Determine Q for ( dropping onto a smooth concrete floor): 


(a) A ping pong ball: Dropped twice from 121.1 cm (arbitrarily chosen). 
Both times, it bounced to a height of 61.65 cm. 


Q = 2Thu/ (hi - h 2 ) 


12.82 


(b) A quarter (25 0). Dropped three times from 121.1 cm. 

Trial 1: bounced to 13.18 cm 
Trial 2: bounced to 32.70 cm 

Trial 3: bounced to 16.03 cm. Quite a bit of variation, depending on how it struck. 
Average bounce height = 20.64 cm, so 


Qavg = 2^hi/ (hi - h 2 ) = 


7.574 


(c) Textbook. Dropped once from 121.1 cm. Didn’t bounce much at all- only 2.223 cm. 
Since the book bounced differently depending on angle of incidence, only one trial was 
performed. 


Q = 2^hi/ (hi - h 2 ) = 


6.4 


All three items were dropped from the same height for comparison purposes. An 
interesting experiment would be to repeat the above, but from several different heights, 
preferrably ranging several orders of magnitude ( e.g. 1 cm, 10 cm, 100 cm, 1000 cm). 
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5. 


a = 80Np/s, co d = 1200 rad/s, |Z(—2 a + jco d )| = 4000 


co o = Vl200 2 + 80 2 = 1202.66 rad/s .'. Q 0 =^ = 7.517 

2a 


Now, Y(s) = C 


(s + a-ja> d )(s + a + ja> d ) - _ (-a)(-a + j2co d ) 


Y(-2a + ja> d ) = C- 


-2a + jo) d 


Y(-160 + 7 1200) = C 8 ° ( 80 + 7 2400 ) | Y (—160 + yl200)| = — = 80C 

-160 + 71200 1 1 400 


-1 + 730 


-2 + 745 


,-.c = 


1 


229 


32,000 V901 


= 15.775 //F; 


L = 


1 


«rC 


43.88mH; 


R = 


1 


2 aC 


396.7 Q 
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6 . 


Y. = ■ 


1 


2 + jOAco 


- + 0.2 + - 


1 


1 + 1000 /jco 


2- jOAoo 
4 + 0.01® 2 


+ 0.2 + 


jco 

1000 + j\ 0 


2-jOAco co 2 + y'1000<» 

" 4 + 0.1® 2 + ' + 10 6 +® 2 

. O.lty 3 +10 5 ty = 4000® + 10<z> 3 


-OAco 
' 4 + 0.Olo 2 
9.9 co 2 = 96, 


lOOOty 
+ ® 2 + 10 6 
000 .‘. co = 


= 0 


98.47 rad/s 
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7. Parallel: R = 10 6 , L = 1, C = 10 6 , \ = 10Z0°//A 


(a) 


(b) 


G>„ = 


Vlc 


= 1000 rad/s; Q 0 = ® e RC = 10 J+6 6 = 1000 



( 1 ^ 

T 


f CO loooy 

II 

o 

1 

c 

+ 

10 6 - 

, V = ^ = 10- 5 /10- 3 

+ 

o 

1 

o 

_1 


l G>) 

Y 

^1000 co J 


.-. V = 


10 ‘ 


0.001 + j 


co 


1000 


1000 V 

CO y 



1000 V 

CO j 



co 

V 

995 

0.993 

996 

1.238 

997 

1.642 

998 

2.423 

999 

4.47 

1000 

10.0 

1001 

4.47 

1002 

2.428 

1003 

1.646 

1004 

1.243 

1005 

0.997 

999.5 

7.070 

1000.5 

7.072 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers 
and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 





































www.elsolucionario.net 


Engineering Circuit Analysis, 7 th Edition 


Chapter Sixteen Solutions 10 March 2006 


8 . 


(a) 


(b) 


- 5 ( 100 / 70 ) | 2 | JO. la? 

in 5+ ( 100 / 70 ) IO + 7 O.OI 0 

500 7IO0 _ 100 7IO0 _ 100(20-70) . 7100(1000-7) 


IOO + 750 IOOO + 70 20 + 70 IOOO + 70 0 2 + 4OO ccr +10 6 

} 00C ° + !° =0 .-. 0 2 +10 6 = 1OO 0 2 + 40,000, 990 2 = 960,000 

0 2 +400 0 2 +lO 6 
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9. 


( a ) a = 50.9 \co d = 1000s 1 co] = a 2 +co 2 d = 1,002,500 co 0 = 1001.249 


L = 


(b) Y = 10 
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10 . 


./min = 535kHz, ,/ max = 1605kHz, Q o = 45 at one end and 
Q 0 < 45 for 535 < / < 1605 kHz 

1 . .3 1 


f a = 1/2WLC .'. 535xl0 3 = 


2?r V L max C 


,1605x10 = 


2 W L mi„ c 


Jl /L . =3; L C = 

V max min ’ max 


z 


1 


2;rx535xlO J 


= 8.8498x10 


-14 


® RC<45,535x10 3 <^< 1605x 10 3 . Use 

2 n 


2^x1605x10’ x20x 


-14 


.-. L_= 


8.8498x10 
223.1x10 12 
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11 . 

(a) Apply±lV. .•.T r =-1(T 4 A 

.-. = X , =-^— r —+ 10 4 +( 1 -[ 10 5 (-10 4 )])10 8 a 

" 4.4x 10~ 3 5 

- 1000 1A _4 ,, in _ 8 48.4x10 8 5 2 +4.4x10^5 + 1000 

.-. Y. =-+ 10 +11x10 5 =- 

4.45 4.45 
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12 . 


®o = 


,- = x/24 = 4.9 rad/s or yjj = — 

x/Zc 2;r 


780 mHz 
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13. 


co n = 


4lc 



200 rad/s 


or fo = 


o^_ 
2 n 


31.99 Hz 
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(a) a = 


2RC 


R = 


1 


10 3 


2 aC 200 


= 5 Q 


1 = 1000 rad/s or f 0 = — 

VIC VhF 


159.2 Hz 


Z>i n ((Uo) R 


5 Q 


(b) We see from the simulation result that the ratio of the test source voltage to its current 
is 5 Q at the resonant frequency; the small error is due to the series resistance PSpice 
required. 


HW16_14 (active) 



Frequency 


R1 



PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers 
and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 












































































www.elsolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Sixteen Solutions 10 March 2006 


15. (a) a = —-— = 50 s' 1 and co d = - a 2 = 5000 rad/s 

2 RC 


Zin(fflb) = R so find R. 

c- 1 1 


(OqL {^co d + cc ^L 


40 //F. 


R = 


1 L[(o 2 d +a 2 ) 


2 aC 


2(50) 


250 Q 


(b) The resonant frequency is 


1 

VZc 


= 5000 rad/s 


or f 0 = 795.8 Hz. 


We see from the simulation result that the ratio of the test source voltage to its current 
is 250 Q at the resonant frequency; the small error is due to the series resistance PSpice 
required. 


HW16_15 (active) 





i □i U(U1: + )/ I(U1: + ) 


Frequency 


R1 
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16. 

(a) 

(b) 


co 0 = 1000 rad/s, Q 0 = 80, C = 0.2 //F 


L = 


1 


10 6 


coX 0.2 xlO 6 


B = ® 0 /Q 0 =1000/80 = 12.5 

.'. — B = 6.25 rad/s 
2 


= 5H, Q o =0) o RC R = 


80 


10 x0.2xl(T 


400 kQ 


.-. Z =R/ 


1 + 7 


CO — co„ 


B/2 


= 400xl0 3 /Jl + 


C 

' co- CO „ 


6.25 


0.4 
0.38 |- 
0.36 
0.34 |- 
0.32 
0.3 - 
0.28 
0.26 - 
0.24 
0.22 
0.2 


990 992 994 996 998 1000 1002 1004 1006 1008 1010 

frequency (rad/s) 
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17. 


co x = 103 rad/s, co 2 =118, 

|Z(jl05)| = 10Q 
a> 2 0 = co x co 2 = 103x118 

.'. ® = 110.245 + , B = 118-103 = 15 rad/s, Q ^ = 110 - 245 = y 350 
0 B 15 

7 350 1 1 

.-. 7.350 = a RC .'. RC = —— — = 66.67x 10 3 , LC = — = - 

110.245^ co 2 0 12 ^ 154 


|y(j'105)| = 0.1 = 
0.1 


r 


+ j 


105C-- 


1 


105L 


f 


15C + j 


12,154 ^ 


105C- 
v 105 


y 


= 18.456C 


,-.C = 


18.456 
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18. co 0 = 30 krad/s, Q 0 = 10, R = 600Q, 

(a) 


B = — = 


3 krad/s 


(b) 

(c) 

(d) 


(e) 


N = ■ 


B/2 



Z/„O'28,000) = 
L = R 


1 


600 

600 


+ ;28,000C-y 


1 


28,000L 


,C = 


10 


oR 30,000x600 


z,„ = 


co 0 Q 0 30,000x10 L 
600 


1 30,000x10 . - 

. . Zj - 


600 


600 


+ ./ 


28 10 30 10 


30 600 28 600 


1 + /10 


28 _ 30 
30 28 


= 351.906Z54.0903°Q 


■ , ,approx-true ,360-351.906 „ 

magnitude: 100%-= 100% — _ _. — =| 2.300% 


angle: 100% 


true 

53.1301°-54.0903° 

54.0903° 


351.906 


-1.7752% 
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19. / 0 =400Hz, Q 0 =8, R = 500Q, I 5 =2x10 3 A .-.B = 50 Hz 

(a) |v| = 2xl0~ 3 x500/Vl + N 2 =0.5 1 + N 2 = 4, N = ±V3 = ^ ~ 4Q ° 

1 1 50/2 


.-./ = 400±25x/3 = 


443.3 and 356.7Hz 


(b) 


W = LA = 


R Vl + N 2 500 
.-./ = 400±25Vl5 = 


= 0.5x 10 -3 Vl + N 2 =4, N 2 =15, N = ±Vl5 


496.8 and 303.2 Hz 
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20. co a =10, Q 0 =10, R = 5 x 10 , p.r. 
R 


(a) 

(b) 


Qo = 


®„ L 


L= 5X1 °. 0.5mH 


10x10° 


Approx: 2 = 5 

/Vl + N : 

N = 2.291 •«,= 

i no / ^ r\ 

1.1146 Mrad/S 




IU / zu 



- 1 


( Y 

CO CO 

1 

( n 

2 

Exact: Y = — 

1 + ./0, 


.-.0.5 = 0.2.1 + 100 

®— 

(co in 

R 


oo) 

j V 




.-. 6.25 = 1 +100(® 2 - 2 +1 / ® 2 ), ® 2 - 2 + = 0.0525, co 2 + \ = 2.0525 


co 


co~ 


CO 


-2.0525co 2 +1 = 0, co 2 =^2.0525 +V2.0525 2 -4 j = 1.2569,® = 


1.1211 Mrad/s 


(c) Approx: ZY = 30° .'. tan -1 N = 30°, N = 0.5774 = ——-, co = 

1/20 


1.0289 Mrad/s 


Exact: Y = 


1 



r n 
®— 


r n 
®— 

1 + ylO 

(in Mrad/s) tan30° = 0.5774 = 10 


l (O) 


l G>) 


5000 __ 

1 nn rnnA 2 nnC nn a i n 0.05774 + V0.05774 2 + 4 

..CO - = 0.05774, co 2 -0.05774® -1 = 0,® = - - - 

® 2 


1.0293 Mrad/s 
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21 . 


(a) C = 3 + 7 = lOnF :.co 0 = 


Vio 4 io 


10 6 rad/s 


(b) 


Q a = ® e CR = 10 6 10 s 5 5xl0 3 = 50 


B = ca o / Q o = 20 krad/s 


1Z0 C 


Parallel current source is —=— = jco 3x10 At co o , l s = j 10 x3 

2 , 


.'. V 10 = y3xl0 3 x5xl0 3 = 15Z90°V 


(c) 0 )-C 0 o = 15xl0 3 .'. N = 


15xl0 3 

10xl0 3 


= 1.5 .-. V, = 


- 15Z90 C 


i + yi.5 


8.321Z33.69 0 V 
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22 . 

(a) 


Z,» = 

ZM = 


(5 + 0.0b)(5 + 10 6 /.s) _ (5 + 0.0b)(5.s + 10 6 ) 
lO + O.Ob + lO 6 /^ ~ 0.0b 2 + IO 5 + IO 6 
0.05r + 25 s + 10 4 s + 5x10 6 


0.0 b 2 +1 Os + 10 6 

a6 a AC ,^2 


••• Z,„(y®) = 


At ® = ®„ 


5x10 -0.05a) + y'10,025® 
10 6 -0.01® 2 +yl0® 
10,025®., 10®„ 


5xl0-0.05® 2 

2 n me ., 1 a9 


10 - 0 . 01 ® 


2 ’ 


10.025x10 -100.25®; 


.'.99.75®; = 9.975 xl0 y ,® o = 10,000 rad/s 


(b) Z tn (jco 0 ) = (5 + jl 00) 11(5 - jl 00) = 


25 + 10,0 00 
10 


= 1002.5Q 


10 March 2006 


5xl0 7 -0.5 ® 2 
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23. 

(a) 


,f o = 1000Hz, Q 0 = 40, \Z in (jco o )\ = 2kD. .-.B = 25Hz 
Z in (jCO) 


2000 N = /UM, y = ioio, ,-.N = 0.8 


1 + /N 12.5 

Z in = 2000/(1 +y'0.8) 


1562 Z-38.66° Q 


(b) 0.9/ o < / < 1. l/ a .'. 900 < / < 1100 Hz 
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24. Taking 2 A = 0.7, we read from 
Fig. 16.48a: 1.7 kFIz - 0.6 kFIz 


1.1 kHz 


Fig. 16.486: 2xl0 7 Hz - 900 Hz = 


20 MHz 


10 March 2006 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers 
and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 










www.elsolucionario.net 


Engineering Circuit Analysis, 7 th Edition 


Chapter Sixteen Solutions 


25. Bandwidth =2 7rf 0 = 2n\ 0 6 = a> 2 - co x , where a>\ = 2;r(5.5) 10’ 


(a) <x> 2 =co x +B , therefore /? = 5.5 + 10 3 kHz = 


1.0055 MHz 


<b)/ 0 =/«;=V( 5 ' 5 )( 1005 ' 5 ) = 


74.37 kHz 


(c)2o=^ 

n 


f Q _ 74.37xlO 3 


10 6 


0.074 
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26. Bandwidth = 10 9 Hz = f 2 - f x , where/i = 75.3 xlO 6 Hz 


(a) f 2 = f\ + B , therefore 


f 2 = 1.0753 GHz 


(b)/ 0 =VM = i75.3xl0 6 )(l.0753xl0 9 ) 


284.6 MHz 


(c)2o=^ = 

JD 


/ 0 _ 284.6xlO 6 


10 9 


0.2846 
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(a) To complete the sketch, we need to first find a>o, which we obtain in part (b). 



(b) co 0 = \J(io) 2 = 2000 rad/s or 

(c) B = a> 2 -co 1 = 3000 rad/s or 


/ 0 =318.3 Hz 


477.5 Hz 


(d) Q = ~ 2000 


g) 2 -(d x 3000 


0.667 
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28. (a) We begin by labelling the series string with the capacitor as string 1, and the other as 

string 2. We next find the parallel equivalent of each, and determine the frequency where 
X p i + X P 2 = 0. 


R;+Xf , . , __ i? 2 +X 2 

Then X = — - - , and smnlarly X = — -— 

* X, p 2 X „ 


d2 , v2 n2 . y- 2 

For X. + X„ =0 we have -A-^ + ^-^ = 0 [1] 


Pi pi 




X , 


5 2 + 10 


24 


At coo, X 1 =- 


cq 0 C 


r;+x; 


(330)" 


X, 


- 10 12 
330 a> n 


At co o, X, = <x>qL 


R; + X 2 2 _ 5 2 +10 4 (4 


X 2 10 co 0 


Enforcing Eq. [1], then, leads to co 0 = 


10 22 — (25) (330)10' 
(330)10 8 -25(33) 2 


= 550.5 krad/s 


oi/ 0 = 87.61 kHz. 


(b) We see the simulation result agrees reasonably, with a resonant frequency of 87.6 kHz 
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29. (a) We design for a bandwidth of 5.5 kHz, a low-frequency cut-off of 500 Hz, and a 

resonant impedance of 1 kQ (no value was specified). Thus, we need to specify values 
for R, L, and C. 


/,=/;+,8 = 6 kHz 
A, =VT7T = % /(0.5)(6)=V3 kHz 
/„ V3xio ] 


Q 0 = <» 0 f?C so C = 


<2o 


(5.5xl0 3 )(2;r)l0 3 


= 28.9 nF 


L = 


1 


(5.5xl0 3 )l0 3 

2;r(3xl0 6 ) 


292 mH 


and, of course, 


R= 1 kQ 


(b) From the simulation, we observe a bandwidth of 5.5 kHz, a lower frequency cutoff of 
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(a) / 0 = 


1 1 1 


In 4LC 2 n ^400x10 6 )(3.3x10 6 ) 


= 4.38 kHz 


n _co 0 L _ 1 L 1 400 

( R yl~LC R 10 v 3.3 


1.10 


(c) Z at resonance 


R = 10Q 


(d) Z at 0.438 kHz = 


10 + 7 


2^-(438)(400xl0 6 )- 


2;r(438)(3.3xl0~ 6 ) 



(e) Z at 43.8 kHz 


10 + 7 


2^-(438)(400xl0^)- 


2^-(438)(3.3xl0^ 4 ) 


10-7108.98 Q 
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31. Bandwidth = 3 MHz,/i = 17 kHz. 


(a) f 2 = A+B = 

3.017 MHz 

(b)/o=V77T= 

226.5 kHz 


(c )Q 0 =^= \^0755 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers 
and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 






www.elsolucionario.net 


Engineering Circuit Analysis, 7 th Edition 


Chapter Sixteen Solutions 


32. 


(a) 


Zo = 1 Q by definition 


(b) a> 0 = 


1 

VZc 


—j= = 707 rad/s 

y/2 


112.5 Hz 


(c) PSpice simulation verifies an impedance of 1 Q at/= 112.6 Hz. 


HW16_32 (active) 



Frequency 
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33. 


(a) 


Zo = 1 kQ by definition 


(b) a> 0 = 


1 

VZc 


—j= = 707 krad/s 

y/2 


112.5 kHz 


(c) PSpice simulation verifies an impedance of 1 kf2 at/= 112.8 kHz. 



HW16_33 (active) 



Frequency 
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34. 

(a) 


20A |6Q, 31|6 = 2, 40 V in series with 2 +1 = 3 Q 

co a = i— = 10 rad/s, Q = = — = 20Q 

VlC R 3 

B = ^ = 0.5 = 0.25,|v„„O„)| = 40Q„ = 800 V 


••• V„,(» =800/, 1 + 


—10 
0.25 



(b) co = 9 rad/s 


Exact: V, = 


(Approx: |v„,0'9)| = -2= = 194.03 V 
40 


600 


••V 0 „ t C/9) = 


3 + j(6co - 600 / co ) jco 
24,000 


9[3 + 7X54-66.67)] 


204.86Z-13.325 V 


10 March 2006 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers 
and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 






















www.elsolucionario.net 


Engineering Circuit Analysis, 7 th Edition 


Chapter Sixteen Solutions 


10 March 2006 


35. Series: R = 50Q, L = 4mH, C = 10 7 
(a) co 0 = 1 / a/ 4 x ] 0 


a-3-7 


50 krad/s 


(b) f o =50xlQ 3 / 2n= 7.958kHz 


. . _ <y„L 50x10 x4xl0~ 

(C> Q “ = 1T = -50- 


■0 


(d) B = coJQ 0 =50x 10 3 /4= ]12.5 krad/s 

(e) fflj = 

(f) = 50 


Vl + (l/2&) 2 -l/2& 

= 50 

Vl + 1/64-1/8 

= 44.14 krad/s 


V65 / 64+1/8 


= 56.64 krad/s 


(g) Z in (745,000) = 50 + j(l 80 -1O 7 " 3 / 45) = 50 - 742.22 =\ 65.44Z - 40.18° Q 


(h) Z/ZJ = 10 7 / j45,000x50 = 

v y I c 145,000 \ J \ 


4.444 
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36. Apply 1 A, in at top. :.Y R = 10 V 

— — in 8 1 2x10 8 

(a) y. n = Z in = 10 3 a +10 +-(0.5x10 + 1) = 10 3 s + 10 + —- 

5s s 

Z in {jco) = 10 + y'(10 3 ®-l-2xl0 8 / co) 10' 3 0) o = 1.2x 10 8 /co Q 

:.ca 2 0 =1.2x10", co a =\. 


346.4 krad/s 


(b) Qo= ^“ = 


co n L 346.4x10 


3-3 


10 


34.64 
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37. Find the Thevenin equivalent seen by the inductor-capacitor combination: 


f y h 

SC: 1.5 = V, +10 ——-0.105 V, 50 V 

U25 l ) 


■ i i = 
• ■ ^ *sc 


50 

125 


= 0.4 A 


1.5 


OC= 0 .'. V oc = 1.5 V .-.^= — = 3.750 

1000x4 


:.o) 0 =1/^4x0.25x10^ = 1000, Q o = 


3.75 


= 1066.7 


B = a / Q = 1000 = 0.9375, -B = 0.4688 rad/s 
0 1066.7 2 

|V C | = Q„V rt = 1066.7x1.5 = 1600 V 


Therefore, keep your hands off! 


To generate a plot of |Vc| vs. frequency, note that Vc (joS) =1.5- 


J 

coC 


1600 

1400 

1200 

1000 

• 800 

600 

400 

200 


3.75 + jcoL - 


coC 


990 992 994 996 998 1000 1002 1004 1006 1008 1010 

frequency (rad/s) 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers 
and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 




















www.elsolucionario.net 


Engineering Circuit Analysis, 7 th Edition 


Chapter Sixteen Solutions 


38. 

(a) 


(b) 


Series, f 0 =500Hz, Q a =10, X i0 =500Q 


500 = co o L = 2;r(500)L .' 
X,n 500 


L = 0.15915 + H 


C = 


1 


2 n 


< 21 ; L (2k x 500y 


Q o =10 = 


R ~ R 


R = 50Q 


1=1 


1 ,10 6 x0.5^- A f 


50 + jlftf x - j 

2 TC 2 TC J y 


= i 


.250,000 


50 + jf-j- 

V J 


I = 1 / 50 + j(f - 250,000 / /), V c = '°" X() f T I 

■■■|V e (2ff 


V c = 


-y250,000// 


50 + j(f- 250,000//) 
V c (2^x500)1 = 


10,000V V c (2^x550) 
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39. 

X: 5 = 0, oo, 0 : 5 = -20,000 ± y80,000^', Z ; „(-10 4 ) = -20 + yOQ .‘.SERIES 

« = 20,000, o) d = 80,000 .‘. co 0 = ^/(64 + 4)10 8 = 82,462 rad/s, — = co 2 0 = 68 x 10 8 

LC 

— = a = 20,000 — = 40,000, — x — = 68x10 = 170,000; Z(a) = R + aL + — 

2L L, LC R 40,000 aC 
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40. 


CD 


Q c = 


m/Vur 

i 


-3-7 


10 5 rad/s, 


10 x 0.2 


10 5 - 3 

Q l =—^~ = 100 , R pl = 10,0000 


= 500, R PC = 500 2 X 0.2 = 50,000 Q 



co = 99,000 .•■N = ( " 1°5 )10 =-1.6667,Z,,0'99,000)= 8-333 


600 


1-/1.667 


4.287 Z 59.04° kQ 
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41. Re q = Qo/<y 0 C = 50 / 10 5 ' 7 = 5000 Q. 

Thus, we may write 1/5000 = 1/8333 + 1/R X so that 


12.5 kQ 
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42. 


3mH||l.5mH = ImH, 2|dF + 8|jF = 10 jlxF, .'. co 0 = 


Vio 


-3-5 


= 10 krad/s 


Q = 


3x10 3 xlO 4 
03 


= 100, R =100 2 x 0.3 = 3 kQ. 


1.5x10 x 10 = R 60x0.25 = 9000 
0.25 p 

900113000 = 692.3Q .\Q, = --f = 69.23 

II Vi 10 4_ 3 

.-. R ls = 4 = 0-14444Q 


Q = 


69.23 

10 6 


10 4 x0.1x8 


= 125, R pc =125 2 x 0.1 = 1562.5 Q||lO|dF 


Q c = 10 4 x 10 5 x 15625 = 156.25 .'. R 5C = 1562-5 „ = 0.064 Q 


(156.25) 


R s , to/ =0.14444 + 0.064 = 


0.2084Q 


= z faL »® 0 = 


10 krad/s 
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43. 

(a) 


co 0 □ 1 /a/2x0.2x 10 3 = 50 rad/s 

= 50x2.5/2 = 62.5, 2x62.5 2 = 7812.5Q 


'leftL 


' rightL 


50x10 

10 

1000 


= 50, 10x50 2 =25kCl 


—— = 100 100 2 xl = 10&Q, R =7.81251125||10 = 3731Q 
e 50x0.2x1 p 11 11 

Q =50x3731x0.2x10 3 =37.31; B = ^- = 1.3400, -B = 0.6700 

37.31 2 


|V| o =10~ 3 x3731 = 


3.731V 



(b) 


V = 10 3 [(2 + j\ 25) |(10 + j’500) |(1 - jl 00)] 

10 -3 - 

=- - - - - - -= |3.7321Z-0.3950 +o V 

2 + 7125 + 10 + y'500 + 1-ylOO 
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44. 

(a) 


□ i£2L = 2000 rad/s, Q c = 2000x 2x 10~ 6 x 25 x 10 3 = 100 
x/025 

tj 20x 10 4 

.-. R cs =25,000/100 2 = 2.5Q; Q, =-=-= 40 

c ’ 5 1 co o L 2000x0.25 

.'. R, c = 20,000 =t2.5Q .'. R,„, = 12.5 + 2.5 = 15 Q 


^L,S 


Q 0 = 


1600 
2000x0.25 
15 


IvJ = 1x33.33x1 = 

16.667V 

1 -1 9 



(b) 


20,000 I|j500 = 20,0 ° QX ' /500 = 12,4922 + /499.688Q 
11 20,000 + 7500 

25,0001|—j250 = 25,Q0Q( ~' /25Q ) = 2.4998-7249.975 
" 25,000-/250 

.'. Z in = 12.4922 + 2.4998 + /499.688 -/250-/249.975 = 14.9920 - /0.2870Q 
Ill = 1 /114.9920 - y0.28701 = 66.6902 niA .'. IV v I = 250 x 66.6902 x 10“ 3 = 


16.6726V 
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Q = coCR , R s = -^r, andx. = Q Xp 


s l + Q 2 ’ 


*s = - 7T,Xp=- 


coC 


(OCn 


C<=C 


l + Q 1 
l + Q 2 


s P Q 2 


(a) co= 10 3 rad/s, Q = 5 



(c) co= 10 5 rad/s, Q = 500 

Therefore, R s = 5000/250001 


20 mfl 


C s = 250001/250000 |u,F 


1.0 |uF 
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46. 


i? P = ^(l + 2 2 ), and X p = X s 


c - C -Q— 

P S \ + Q 2 

(a) co = 10 3 rad/s, Q = 0.2 

Therefore, Rp = 5(1 + 0.04) 


5.2 kQ 


Cp = 38.5 nF 


(b) co = 10 4 rad/s, Q = 50 

Therefore, Rp = 5(1 + 0.0004) 

(c) <x>= 10 5 rad/s, Q = 500 

Therefore, Rp = 5(1 + 4x10 -6 ) 


5.002 kQ, 


C p = 400 pF 


5 kQ, C P = 4 pF 
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47. 


0 = 4’ Rs= TZr?’ and A 

coL l-\- Q 


Q 2 X P r = r Q 2 

1 + Q 2 ' s p l + Q 2 


(a) «= 10 3 rad/s, Q= 142.4x10 s 


Therefore, Rs = 470/(1 + Q 2 ) = 

23.2 nQ, 

L s = 3.3 |uH 

(b) (D= 10 4 rad/s, Q = 14.24xl0 3 



Therefore, Rs = 470/(1 + Q 2 ) = 

23.2 |itQ, 

L s = 3.3 (all 

(c) co= 10 5 rad/s, Q= 1.424x10 s 



Therefore, Rs = 470/(1 + Q 2 ) = 

232 |j,Q, 

L s = 3.3 (dH 
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48. R P =R S [\ + Q 2 ), anAX p =X s 


f \ + (Q 2 ^ 

Q 2 


L p L s 


f \ + Q 2 ^ 

(a) co= 10 3 rad/s, Q = 7.02xl0“ 6 
Therefore, Rp = 470(1 + Q 2 ) = 


(b) co= 10 4 rad/s, Q = 50 

Therefore, Rp = 470(1 + Q 2 ) = 

(c) co= 10 5 rad/s, Q = 500 


470 Cl, L P = 67 mF 


470 Cl, L P = 670 faF 


Therefore, R P = 470(1 + Q") = 


470 Cl, L P = 6.70 |xF 
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49. (a) For the left parallel circuit, O =-« —-—- = 47 . Since Q > 5, the series 

coL 10 7 10 6 

equivalent is a 10/47 Q resistor in series with 1 pH. 

For the right parallel circuit, Q = coCR ~ 10 7 10 8 (200) = 20 . Again, Q > 5, so the series 
equivalent is 

a 10/20 Q = 500 mfl resistor in series with 10 nF. 


We may therefore approximate the network as a 700 mQ resistor in series with a 10 nF 
capacitor, in series with a 1 pH inductor, in series with the 10 pH inductor of interest. 


At the resonant frequency the network connected in series with the i nductor has an 


impedance of 700 mQ. The inductor present an impedance of 100 Q. Thus, |V X | = 1 V. 


(470)(yl0 7 10 6 ) 2 jojC, 

(b)Z L = ---- = 0.213 + y'9.995 Q. Z, =-2—= 0.499-y9.975 Q 

470 + yl0 £ R f 1 

jcoC 2 

Z 3 = y'100 Q. 


Thus, V,. = 


Zi+Z L +Z 3 


(1Z0) = 


7100 


0.714 + y0.02 


= 0.99745 + y0.0071 V 


So that |V X | 
frequency. 


0.99977 V 


Our approximation was pretty accurate, at least at this 
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50. 

(a) 


K ,„= —= 0.5 K, = 


100 


/ 


20x 10 
10 6 


= 0.02 


.'. 9.82|aH —» 0.5x9.82x—-— = 24.55|uH, 31.8|uH -A — x31.8 = 


0.02 


0.02 


2.57 nF 


2.57 


0.5x0.02 


257 nF 


(b) same ordinate; divide numbers on abscissa by 


50 
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51. 


(a) 


Apply IV .-. I, =10A 


I ; „ -+=10 + 


l-(-D 

02 + 2! s 


0.5 I, = 5 A i; 5A||0.2 Q can be replaced by 1 V in series with 0.2 Q 
2s 4s+ 20 20(s + 5) 

0.2s + 2 0.2s + 2 s + 10 




s + 10 
20(s + 5) 


(b) 

(c) 


K„,=2,K f =5 .'. Z in (s) —» 


2{s 1 5 + 10) 


20(s/5 + 5) 


0.1(j + 50) 


s + 25 


0.1Q —> 0.2Q, 0.2Q —> 0.4Q, 0.5F^0.05F, 0.51, 0.51, 
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52. 

(a) 


co o D 1/^(2 + 8)1 (T 3 1(T 6 = 


10 4 rad/s 


Qi 8 = 10 4 / 8 x 10 3 10 4 = 125 :.R LS = 


Cl, 8 


L,S 


IQ 4 

125 " 


= 0.64 Q 


2 + 8 = lOmH ■ q 10 xl0xl ° =1562 5 

0.64 


1 


.'. R, „ =0.64x156.25" = 15.625 kCl; Q r = —-^ = 100, R r „ = 100“ x 1 = 10 kO. 

L,P 10 4 x 1 q -6 C,P 
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53. 

(a) K = 250, K, = 400 0. IF -> —-= 1 pF 

f 250x400 

r\ r A 

5Q —» 1250Q, 2H —» —-= 1.25H, 4L ->10 3 T 

400 



(b) 


co 


= 10 3 . Apply IV .'. I t = 10 6 a, -l I 1250 = —^ 


1250 


1000 I. = 10 3 a = 


1-10 3 a 
1.25^ 


i„, = io-^+A-+—(i-io-^)=io- 6 s+— ;J =yio J 

1250 s s 


i,„=yio J + °' 8xl ° 


1 1000 


= j 0-2 x io 3 .-. z,„ = ^ = -j 5 kn v oc = o 

J hn J 0 - 2 - 
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54. 

(a) 

(b) 

(c) 

(d) 

(e) 
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55. 

(a) H/(» = 0.2 n dB = 20 log 0 

(b) 

(c) 


(d) 


H(» = 50 .'. = 20 log 50 



1 O o c. 

H(ylO) =-+--— .'. H = 20 log 

2 + yio 20 + ylO dB 


6 13 

- + - 


1 + J5 10 + J5 


= 20 log 


292 + y'380 


-60 + y'220 


L dB 



6.45 ldB 
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56. 

(a) 


(d) MATLAB verification- 
20(5 + 1) 0.2(1+ 5 ) 


H (s) = 


5 + 100 1 + 5/100 


shown adjacent to Bode plots below. 
0.2 —» -14dB 




(b) 


H (5) = 


2000(5 + 1)5 

(5 + 100) 2 


0.25(1 + 5) 
(1 + 5/100) 2 


0.2 —» -14 dB 




(c) n . c 200 5 +455 + 200 

H(5) = 5 + 45 +-=- 

5 5 



(5 + 5)(5 + 40) 

5 


200(1+ 5/5)(l+ 5/40) 

5 


200 —> 46 dB 
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57. 


- T/ . V c (20 + 2s)(l82 + 200/ s) 200 Is 

Hm = —- =-x- 

I R 202 + 2^ + 200/5 182 + 200/5 


400(5 + 10) 


200(10 + 5) 


2(5 2 +1015 + 100) (l + 5)(100 + 5) 


H(5) = 


20(1 + 5/10) 

(l + 5)(l + 5/100) 


, 20 —» 26 dB 
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58. 

(a) 


(b) 


H(s) = 


5 xl 0 8 5(5 + 100) 
(5 + 20)(5 +1000) 3 


2.55(1 + 5/100) 

(1 + 5 / 20)(1 + 5/1000) 3 


2.5 —> 8dB 



co =!, 8dB; OdB, ^(o^OO) 2.5^(20)10^, 

(co/20)(co/1000) 3 lOOcoco 3 


22,360 rad/s 


(c) Comers: co = 20, 


31.13dB 


to = 100, 


36.69 dB 


= 20 log 2.5co 


7l+(o/100) 2 


^/[l + ( 03 / 20) 2 ][1 + ( 03 / 1000) 2 ] 3 


co = 1000. 


44.99 dB 
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59. 

(a) 


(b) 


(c) 


H (s) = 


5xl0 8 s(s + 100) 
(5 + 20)(5 + 1000) 3 


2.55(1 + 5/100) 

(1 + 5 / 20)(1 + 5/1000) 3 ’ 
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60. 

(a) 


TT . . , 20 400 s 2 +20^ + 400 

H(s) = l + —+ —=-^- 

5 S S 


= 400 


1 + 2x0.5(5/ 20) + (5 / 20) 2 


(o o = 20, C, - 0.5 
20 log 400 = 52dB 

Correction at co a is 20 log 2 C, - 0 dB 



(b) co = 5: H dB = 52 - 2 x 20 log 5 = 24.0 dB (plot) 


Yi dB =20 log 1-16 + j 4 =23.8dB (exact) 


co = 100: Yi dB = OdB (plot) 


Yi dB =20 log 11-0.04 + j0.2| = 


-0.170 dB 


(exact) 


(c) 


50 pv 
40 

30 


frequency (rad/s) 
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61. 

(a) 


(b) 


H(s) 




V* 

V 5 

10 , 


25 _ 255 

10.9 + 25 + 1000/5 ~ 105 2 + 255 + 1000 


^ = 1/8 


.'. correction = -20 log 


f 2x- 
v 8 


0.025 5 

flV 5 > 

1 + 2 - — 
UJUoJ 

( 5^ 

\10j 

2 


= 12 dB 


0.025 —» -32 dB 



(c) o) = 20, H(/20) = 


7 0.5 


1-4 + y'0.5 


.'. U dB =|-15.68 dB 


ZH( 7 -20) = 


-80.54 c 
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62. 


1 st two stages, H, ( 5 ) = H 2 ( 5 ) = - 10; H 3 ( s ) = 


H(s) = (—10)( 10) 
—400 -> 52 dB 


r- 20 ^ 


-400 

+ 5, 


1 + 5/5 


-1 /(5Q x l Q 3 x 1 0 fi ) 

.s' +1 /(200 x 10 3 x 10 6 ) 



-20 

5 + 5 
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63. 

(a) 


1st stage: C lA =1 //F, R u = qo , R„ =10 5 .'. H^S) = -R.Q/ = -0.1 5 


2nd stage: R lfl = 10 5 , R^ = 10 5 , = 1 //F .'. H B (5) = 


fA ' 

-l/R.X 


1 B^fB 


JB 

-6 


■•■H B (s) = 


10 


S + 1/RygC^g 


1/(10 xlO ) _ 

5 + l/(10 5 xl0 6 ) “ 5 + 10 


.-. H(5) = (-0.l5) 


201ogio(0.1) = -20 dB 


f ~ 10 1 

( -10 3 


O.Ls 

v 5 + 10 j 

v 5 + 10 , 


(1 + a / 10) 2 
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64. An amplifier that rejects high-frequency signals is required. There is some ambiguity in 
the requirements, as social conversations may include frequencies up to 50 kHz, and 
echolocation sounds, which we are asked to filter out, may begin below this value. 
Without further information, we decide to set the filter cutoff frequency at 50 kHz to 
ensure we do not lose information. However, we note that this decision is not necessarily 
the only correct one. 


Our input source is a microphone modeled as a sinusoidal voltage source having a peak 
amplitude of 15 mV in series with a 1-0 resistor. Our output device is an earphone 
modeled as a I -kQ resistor. A voltage of 15 mV from the microphone should correspond 
to about 1 V at the earphone according to the specifications, requiring a gain of 1000/15 
= 66.7. 

-:- R r 

If we select a non-inverting op amp topology, we then need —- = 66.7 -1 = 65.7 

R , 


Arbitrarily choosing R\ = 1 kQ, we then need |i?f = 65.7 kQ.| This completes the 


amplification part. Next, we need to filter out frequencies greater than 50 kHz. 

Placing a capacitor across the microphone terminals will “short out” high frequencies. 

1 


We design for a> c = 27tf c = 27x(50x 10 ) 


Cfilter - 3.183 pF, 


R mic^ filter 


. Since R m ; c = 1 Q, we require 
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65. We choose a simple series RLC circuit. It was shown in the text that the “gain” of the 
circuit with the output taken across the resistor is I A v I = y- ®RC 


(l -cq 2 LC) 2 + co 2 R 2 C 2 


This results in a bandpass filter with corner frequencies at 

-RC + Vf? 2 C 2 +4ZC , RC + ^R 2 C 2 +4LC 

co r = - and co r = - 


Cl 


2 LC 


C H 


2 LC 


If we take our output across the inductor-capacitor combination instead, we obtain the 
opposite curve- i.e. a bandstop filter with the same cutoff frequencies. Thus, we want 


2tt(20) = 


-RC + ^R 2 C 2 +4 LC 
2LC 


and 27t(20xl 0 3 ) = 


RC + ^R 2 C 2 +4 LC 
2LC 


Noting that a> C / - co Cl = R/L = 125.5 krad/s, we arbitrarily select R = 1 kQ, so that L = 
7.966 mH. Returning to either cutoff frequency expression, we then find C = 7.950 pF 



PSpice verification. The circuit 
performs as required, with a 
lower comer frequency of about 
20 Hz and an upper comer 
frequency of about 20 kHz. 




A1 = 

20.108, 

709.012m 

A2 = 

2 0.1 08K , 

705.172m 

dif= 

-20.088K, 

3.8408m 
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66. We choose a simple RC filter topology: 


Where 




0- 

——' 







c 



1 




v out 

1 

and 

hence 

v out 


V m 

1 + jcoRC 

v m 



vo ut 

-O 


+ (®RC) 2 


We desire a cutoff 


frequency of 1 kHz, and note that this circuit does indeed act as a low-pass filter (higher 
frequency signals lead to the capacitor appearing more and more as a short circuit). 
Thus, 

where co c = 2nf c = 2000ti rad/s. 


Vl + (® c RC) 2 V2 


A small amount of algebra yields 1 + [27 t( 1000)RC] 2 = 2 or 2000 tiRC = 1. Arbitrarily 


setting R = 1 kQ, we then find that C = 159.2 nF. The operation of the filter is verified in 
the PSpice simulation below: 


Probe Cursor 


A1 = 1.0000K, 707.007m 
02 = 10 . 000 , 1.0000 
dif= 990.000, -292.943m 
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67. We are not provided with the actual spectral shape of the noise signal, although the 

reduction to 1% of its peak value (a drop of 40 dB) by 1 kHz is useful to know. If we 
place a simple high-pass RC filter at the input of an op amp stage, designing for a pole at 
2.5 kHz should ensure an essentially flat response above 25 kHz, and a 3 dB reduction at 
2.5 kHz. If greater tolerance is required, the 40 dB reduction at 1 kHz allows the pole to 
be moved to a frequency even closer to 1 kHz. The PSpice simulation below shows a 

filter with R = 1 kQ (arbitrarily chosen) and C =--= 63.66 nF. 

2;r(2.5 x 10 3 )(1000) 

At a frequency of 25 kHz, the filter shows minimal gain reduction, but at 1 kHz any 
signal is reduced by more than 8 dB. 


Probe Cursor 


fll = 24.96K, -43.59m 

A2 = 1.000K, -8.604 

dif= 23.96K, 8.560 



We therefore design a simple non-inverting op amp circuit such as the one below, which 
with Rf =100 kQ and Ri = 1 kQ, has a gain of 100 V/V. In simulating the circuit, a gain 
of approximately 40 dB at 25 kHz was noted, although the gain dropped at higher 
frequencies, reaching 37 dB around 80 kHz. Thus, to completely assess the suitability of 
design, more information regarding the frequency spectrum of the “failure” signals would 
be required. 
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68 . 


We select a simple series RLC circuit with the output taken across the resistor to serve as 
a bandpass filter with 500 Hz and 5000 Hz cutoff frequencies. From Example 16.12, we 
know that 


and 


a = - —+ —VR 2 C 2 +4LC = 2^(500) 
Ci 2L 2LC 


a = —+ —VR 2 C 2 +4LC = 2^(5000) 
Ch 2L 2LC 


With co Ch - co Cl = 2p(5000 - 500) = R/L, we (arbitrarily) select R = 1 kQ, so that L 

= 35.37 mH. Substituting these two values into the equation for the high-frequency 
cutoff, we find that C = 286.3 nF. We complete the design by selecting R t = 1 kQ and Rf 
= 1 kQ for a gain of 2 (no value of gain was specified). As seen in the PSpice simulation 
results shown below, the circuit performs as specified at maximum gain (6 dB or 2 V/V), 
with cutoff frequencies of approximately 500 and 5000 KHz and a peak gain of 6 dB. 



Lfilter Cffler 

- 1}- 

35 37mM 286 3nf 




'© 






A1 = 502.22, 3.031 
A2 = 5.022K, 2.987 
dif= -4.520K, 44.03m 
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69. For this circuit, we simply need to connect a low-pass filter to the input of a non¬ 
inverting op amp having Rf/Ri = 9 (for a gain of 10). If we use a simple RC filter, the 
cutoff frequency is 

co c = — = 2;r(3000) 

RC 


Selecting (arbitrarily) R = 1 kQ, we find C = 53.05 nF. The PSpice simulation below 
shows that our design does indeed have a bandwidth of 3 kHz and a peak gain of 10 V/V 
(20 dB). 




01 = 2.996K, 

17.00 

02 = 10.00, 

20.00 

dif= 2.986K, 

-2.994 
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70. 


We require four filter stages, and choose to implement the circuit using op amps to isolate each filter sub¬ 
circuit. Selecting a bandwidth of 1 rad/s (no specification was given) and a simple RLC filter as suggested 
in the problem statement, a resistance value of 1 Q leads to an inductor value of 1 H (bandwidth for this 
type of filter = ® H - ®l = R/L). The capacitance is found by designing each filter’s respective resonant 

frequency (1 /V LC ) at the desired “notch” frequency. Thus, we require C F i = 10.13 liF, C F 2 = 2.533 liF, 

Cp, = 1.126 uF and C™ = 633.3 nF. _ 

The Student Version of PSpice® will not permit more than 64 nodes, so that the total solution must be 
simulated in two parts. The half with the filters for notching out 50 and 100 Hz components is shown 
below; an additional two op amp stages are required to complete the design. 
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71. Using the series RLC circuit suggested, we decide to design for a bandwidth of 1 rad/ s 

(as no specification was provided). With (Oh - col = R/ L, we arbitrarily select R = 1 Q so 
that L = 1 H. The capacitance required is obtained by setting the resonant frequency of 

the circuit (l/VZc ) equal to 60 Hz (12071 rad/s). This yields C = 7.04 qF. 
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1. 


(a) 


4-8 9 

5 0-7 

7 3 1 


(b)A z 


12 

4 

0 


4-8 9 

5 0-7 

7 3 1 


= 4(21)+ 8(5+ 49)+ 9(15) = 


651 


( c ) A 


li 


0 -7 
3 1 


21 


(d)Ii = 


12 -8 9 

4 0-7 

0 3 1 


A_ 


(12)(21) + 8(4) + 9(12) 
651 


0.602 A 


(e) Ii = 


4 -8 

5 0 
7 3 


12 

4 

0 


A. 


4(-12) + 8(-28) +12(15) 
651 


-0.141 A 
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2 . 

A z 


17 

-8 

-3 


-8 

17 

-4 


-3 

-4 


= 17(273) + 8(—148) — 3(83) = 3208Q 3 


17 


(a) 


(b) 


(c) 


Z , 


A, 

A u 


3208 

273 


= 11.7510 


Z, 


ini 



3208 

280 


= 11.4570 


Z 


m3 



3208 

225 


14.258Q 
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3. 


Ay = 


0.35 

- 0.1 

- 0.2 


- 0.1 - 0.2 

0.5 -0.15 

-0.15 0.75 


= 0.35(0.3525) + 0.1(—0.105)- 0.2(0.115) = 0.089875 S 3 


(a) Y „,^“ 


(b) Y„ (I =-i = 


A n 0.3525 


A v 0.089875 


A 22 0.2225 


= 0.403933 .' 


(c) = 


0.089875 

0.165 


= 0.544697 S .'. R 
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4. 


[R] = 


3 -1-2 0 
-14 13 

-2 2 5 2 

0 -3-2 6 

= 3[4(34) - 2(12) -3(-13)] + [-1(34) - 2(—12) -3(-4)] = 2[—1(12) - 4(—12) -3(-6)] 


(Q) = 3 

4 1 3 

2 5 2 

+ 1 

-1 -2 0 

2 5 2 

-2 

-1 -2 0 

4 1 3 


-3 -2 6 


-3 -2 6 


-3 -2 6 


= 3(73) + (-22) - 2(18) = 161 Q 4 


, R = A, = 161 

“ A,, 73 


2.205 + Q 
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5. Define a counter-clockwise current I 2 in the left-most mesh, and a counter-clockwise 
current Ii flowing in the right-most mesh. Then, 

V, = 4l 2 .'. 0.2Vj = 0.8l 2 
X, = \s + 5(1; + 0.8T -1 2 ) = (5 + 5)\ -1 
Also, \(2s + 4) -5a + 0.8ij -\) = 0 
or 0 = -51, + (5 + 25 ) I 2 

.'. A z = (5 + 5)(5 + 2s) - 5 = 2s 2 +155 + 20, A n =5 + 2s 
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6 . Define a clockwise mesh current Ij flowing in the bottom left mesh, a clockwise mesh 
current I2 flowing in the top mesh, and a clockwise mesh current I3 flowing in the 
bottom right mesh. Then, 


(a) 


(b) 


Y in = 10(lj -X)- 0.6x81, = 101, -14.8l 2 
0 = 50T 2 -10 '\ - 12l 3 = -10 + 50l 2 - 12l 3 
0 = 4.8l 2 + 17l 3 -12X = -7.21, + 17l 3 


••• A z = 


In = ' 


10 

-14.8 

0 

-10 

50 

-12 

0 

-7.2 

17 

-V 2 

V, -0.6V 


28 


10 


= 10(763.6) + 10(—251.6) = 5120 :.Z in = 


= 0.13571 V! -0.03571V 2 -0.06V a 


5120 


763.6 


6.705+Q 


V_VV_0 6 VV - - - 

1 1 -—--t—- =-0.03571V, +0.31905V 2 -0.05V 

28 12 5 2 


0 = Al_2l+ y 2 


Y v -V -V - - - 

0 =-^ + -A-£-k = -0.05V, + 0.05V, - 0.175V 

8 20 

0.13571 -0.03571 -0.06 

-0.03571 0.31905 -0.05 

-0.05 0.05 -0.175 

-0.05(0.00179 + 0.01914) = -0.00724 

A„ -0 007954 

.-. A., = 0.007954, A u =-0.05333 .\Y_ =—*- = ——^^ = 0.14926 S 


••• A, = 


= 0.13571(-0.05583 + 0.0025) + 0.03571(0.00625 + 0.003 


A n -0.05333 


.-. Z,. = 


1 


0.14926 


6.705+Q 
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7. 



.-. V v (0.5 + 0.3^) = 0.1 + 0.25 
. - _ 0.25 + 0.1 


0.35 + 0.5 


1 - 


V 


0.25 + 0.1 
0.35 + 0.5 



0.25 = 0.25 


0.15 + 0.4 
0.35 + 0.5 


- 5(0.15 + 0.4) - _ 1.55 + 2.5 

* * * out ~ ~ Z ’ ^out — ' 


1.55 + 2.5 


5(0.15 + 0.4) 


155 + 25 


5(5 + 4) 
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8 . 


v m = 1 V, V. = 0 •.V v+ V ()i =0,V v =-lV 

T = —= ——; 2x10 4 I +2x10 4 I = 0 

R, R, 


•• \n = "I, = 


R. 


.-. R,, 


-v„/i, 
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9 . 

(a) Assume 1 V at input. Since V, = 0 at each op-amp input, 1 V is present between Rt and 
R3, and also C and R4. 


■ v = — 

4 r 4 


r 4 + 


1 


jaC 


= 1 + - 


1 


I 3 =- 

R 


f 


3 


1-1 — 


1 


jco CR 4 

1 


•- I 2 = I 3 = - 


T = ‘- v “ 


jo) CR 4 j 

1 


7 <uCR 3 R 4 


jco CR 3 R 4 

R, 


V 12 = 1+R 2 I 2 = 1 - 


R, 


7 <uCR 3 R 4 


R, 7<yCR,R 3 R 4 


■= T, 




>c RlR3R4 


R, 


(b) Rj = 4 xl 0 3 , R 2 = 10 x 10 3 , R 3 = 10 x 10 3 , R 4 = 10 3 , C = 2 x 10 ^ 
Z,„ = jcol x 10 


-10 4 x 10 x 1 6 . 3 


10 


x 10 = 7 (y 0 . 8 xl 0 J Q (L., = 0.8 mH) 
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(a) [y] = 


0.01 

0.3 - 

M=M[v] 


0.3 

0.02 


V = 


9 

-3.5 


1 2 = (0.3)(9) + (0.02)(3.5) = 2.77 A 

(b) v=[ v] 1 [i] 

b]= 


-0.1 0.15" 

and [ll = 

"0.001" 

0.15 0.8 

L J 

0.02 


Thus, V, 


0.001 0.15 
0.02 0.8 
'-0.1 0.15" 

0.15 0.8 


0.0008-0.003 

-0.08-0.0225 


0.0215 V 
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11. Define a clockwise mesh current I j in the left-most mesh, a clockwise mesh current I x in 
the center mesh, and a counter-clockwise mesh current I 2 in the right-most mesh. Then, 


Vj = 131,-1012 


0 = -10 Ij + 35I Y + 201 2 


\ = 


V, 

-10 

0 

0 

35 

20 

V 2 

20 

22 

13 

-10 

0 

-10 

35 

20 

0 

20 

22 


v 2 =204+224 

/J _ V 1 (370) + V 2 (-200) _ 37 - 20 - 


13(370) + 10(—220) 261 1 261 


v„ 


37 

261 


= 141.76 mS, 


Tl2 


-20 

26l 


-76.63 mS 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers 
and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 














www.eisolucionario.net 


Engineering Circuit Analysis, 7 th Edition 


Chapter Seventeen Solutions 


(mS) .'. I, =0.01V,-0.005V 2 , 


12 . 

rio -s' 

[y] = 

50 20 

I 2 = 0.05 V, + 0.02 V 2 , 100 = 251, + V l5 V 2 =-1001, 

.'. 100 = 0.25V, -0.125V, + V, = 1.25V, -0.125V, 

I 2 = -0.01V 2 = 0.05V, + 0.02V 2 .-. -0.03V 2 = 0.05V, 


.-.100 = 1.25V, + 


0.625 - 4.375 - 


v,=- 


V, .-.v,= 


300 


v 2 =-- V, 
2 3 1 


4.375 


68.57 V, 


V 2 = 


-*V 

3 
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-114.29 V 
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13. 

I = Vl ~ V2 = 0.04V, - 0.04V, 

1 25 12 

I =21,+^--1 =T+0.01V, = 0.04V, -0.03 V- 

1 100 1 1 2 _' 


0.04S, 

y ] 2 = 

-0.04 S 

^21 = 

0.04S, 

y 22 

-0.03 S 
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14. 

.'. Vj =100(1; -0.5^) = 50l .'.Ij =0.02 V, 
V 2 = 300l 2 +200(1 +0.5lj) = lOOi; +500l 2 


.-. V 2 =2V, +500I 2 , I 2 =-0.004V! + 0.002V 2 


[y] = 


0.02 0 
-0.004 0.002 


(S) 
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15. 


[v] = 


0.1 -0.0025 
-8 0.05 


(S) 


(a) \ = 0.1V,-0.0025V 2 , % = -8V, + 0.05V 2 

l = 2^+V,V 2 =-5l 2 

.-. I 2 = -0.2V, = -8% + 0.05V-, .'. 0.25V 2 = 8V,, V 2 / V, = 32 
I 2 =-8V,+0.05 x 32V,, \ = 0.1V,- 0.0025 x32V, I 2 = -6.4V,, I 


-6.4 


.-. I 2 / I, = —— = -320, V, /1, = 500 


0.02 


(b) V, = -2I„ I, = 0.IV, -0.0025V 2 , I 2 = -8V, + 0.05V 2 
= -0.5V, =0. IV, - 0.0025V 2 .-.0.6V, = 0.0025V 2 

.'. V, = V, /240, L =-8xV,/240 + — V, = — % 

i 2 >2 2 20 “ 60 “ 


V, 


60 Q 
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; = 0.02V, 
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16. [v] = 


10 -5 

-20 2 


(mS) 


(a) 


I, = 0.01% - 0.005V 2 , I 2 = -0.02% + 0.002V 2 


% =iooi;+% 

.-.% =y\-m\ i; =0.01Vl-i; -0.005% .-. \ = 0.005V1-0.0025% 

I 2 = -0.02V1 + 2\ + 0.002% = -0.02V1 + 0.01V1 - 0.005% + 0.002% = -0.01V1 - 0.003V 2 


[vl = 

Ls J new 


0.005 -0.0025 
-0.01 -0.003 


(S) 


(b) V2 = 100I 2 +%, .'. V 2 = V2-100I, 

.-. I 2 = -0.02% + 0.002V2 - 0.2l 2 

1.2L = -0.02% +0.002V2 .•.!=-—%+— V2 
1 60 1 600 

\ = 0.01% -0.005(V2 - 100l 2 ) = 0.01% -0.005V2 + 0.5 


1 1 


— v,+ 

60 


v 


600 


V2 


I, =(— — ^ 
U00 120J 

%-f—-— 

Uoo 1200 J 

[v] = 

Ls -I new 

"1/600 

-1/60 

-1/240“ 
1/600 _ 

(S) 



w( =— v,-— v; 


600 


240 
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v sl 

v S2 

I. 


Exp #1 

100 V 

50 V 

5 A 

-32.5 A 

Exp #2 

50 

110 

-20 

-5 

Exp #3 

20 

0 

4 

-8 

Exp #4 

-8.333 

-22.22 

5 

0 

Exp #5 

-58.33 

-55.56 

5 

15 


\ = Jn V i + Vi 2 V 2 

4 = yi \^\ + y 22^2 


Use 1st 2 rows to find y's 

.'. 5 = 100y n +50y i2 ,-32.5 = 100y 21 +50y 22 

-20 = 50y n +100y 12 -5 = 50y 21 +100y 22 —-10 = 100 v 21 +200y 22 


.‘. -40 = 100v n + 200 v 12 Substracting, 150v 12 = -45 .’. y 12 = -0.3 S 
.’. 5 = lOOfj, -15 .'. y n = 0.2 S Subtracting 22.5 = 150 v 22 


y 22 =0.15 S .-. -32.5 = 100y 21 + 7.5 y 21 = -0.4 S .'. [y] = 


0.2 -0.3 

-0.4 0.15 


(S) 


Completing row 3: I, = 0.2 x 20 = 4 A, \ = -0.4x20 = -8 A 
Completing row 4: 5 = 0.2V 51 -0.3V 52 , 0 = -0.4V S1 + 0.15V S2 .'. V 52 = ^ V 5I 

.-. 5 = 0.2V 51 - 0.8V S1 = -0.6V S1 .'. V S1 = = -8.333 V, V 52 = -22.22 V 

6 

Completing row 5: 5 = 0.2V S1 -0.3V S2 , 15 = -0.4V S1 + 0.15V, 


52 


••• v 51 = 


5 

-0.3 


0.2 

5 

15 

0.15 

_ = 0.75 + 4.5 = 5.25 = 

-0.4 

15 


0.2 -0.3 

-0.4 0.15 


0.03-0.12 -0.09 


-0.09 


= -55.56 V 
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(a) [I] — [ v] [V] — 10 >° 01 12Z43 ° 

L J L JL J Li'0.01 -y0.005JL 2Z0° 

I 2 = (y'0.01)(12Z43°) - (y'0.005)(2Z0) = 


-0.0818 + y'0.0778 


o» [v]=bni] 

-J5 10 


M = 


V 2 : 


4 ylO 

—y'5 120Z30 0 
4 88Z45° 


and I = 


120Z30 0 

88Z45 0 


(-y5)(88Z45°)-480Z30° 


-y'5 10 

4 ylO 


50-40 


-10-y55.13 V 
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19. (a) Input is applied between g-s and output taken from d-s. 


0-*) Ig ytsVgs + YrsVds 
Id — YfsVgs + YosVds 


V, s 


V,, 


y* 


y a 


y/s 
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20 . 



Yr = 7.9 kn 


Ri = 4.7/7.9 = 595 Q 

R 2 = 2.2/7.9 = 278 Q 

R 3 = (4.7)(2.2)/7.9 = 1.309 kQ 
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21 . 



2 R,Rj = (470)(100) + (470)(220) + (100)(220) 
= 172400 
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22 . 

A,: 1 + 6 + 3 = 100 


6x1 =0.6, -A2 = 1.8, ill = 0.3 


10 


10 


10 


A 2 : 5 + 1 + 4 = 100^ —= 0.5, — = 0.4,— = 2 
2 10 10 10 

1.8 + 2 + 0.5 = 4.30, 0.3 + 0.6 + 0.4 = 1.30 
1.3114.3 = 0.998210, 0.9982 + 0.6 + 2 = 3.5980 


3.598 6 = 2.2490 
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6x2 + 2x3 + 3x6 = 36Q~ 

36/6 = 6, 36/2 = 18, 36/3 = 12 
12)4 = 3, 6)12 = 4 
4 + 3 + 18 = 25Q 

3x18/25 = 2.16, 4x18/25 = 2.88. 


4x3 

~25~ 


= 0.48 


9.48x2.16 + 9.48x2.88 + 2.88x2.16 = 54 
54 =18.75, = 25, = 5.6962, 75)18.75 = 15, 100)25 = 20 


2.88 


2.16 


9.48 


(15 + 20)||5.696 = 4.899 R,„ = 5 + 4.899 = 9.899Q 
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24. 

A: -76 + 7 4 + j3 = j\ 


24 

7T 


-724,^ = 712, 

A 


18 

A 


ignore712,-76 


-724+ 7I2 = -712 


-712 712 = 00 



-718,718-718 = 0 (S.C) 
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25. [v] = 


0.4 -0.002 
-5 0.04 


(S) 


(a) ^ = 0.4^ - 0.002V 2 , I 2 = -5V, + 0.04V 2 , V 2 = -201 2 , V s = V, +21, 

I 2 = -0.05 V, = -5V, + 0.4 V, .'. -0.09 V, = -5V, G K = V 2 /V, = — 


55.56 


(b) I, =0.4(0.018)V 2 -0.002V 2 =0.0052V 2 .'. G, = I 2 / I, = °'° 5V2 


0.0052V, 


-9.615 4 


(c) G =-G k G 7 = 55.56x9.615 + = 534.2 


(d) 

(e) 


I, = 0.0052V, = 0.0052x55.56V, .'. Z in = V, / I, = 


1 


0.0052x55.56 


= 3.462 Q 


0.002 


V, = -21,, V, = 0 .'. I, =-0.5V, = 0.4V,-0.002V, .'. V, = - v 2 


0.9 


V, 


\ = -5 


" 0 . 002 ^ 


V 2 + 0.04V, = 0.02889V, .'. Z out = V 2 / I, = 


34.62Q 
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26. [y] = 


0.1 -0.05 

-0.5 0.2 


(S) 


(a) 


(b) 


I, =0.1V 1 -0.05V 2 

% = -0.5V, + 0.2V 2 , 1 = 10lj + V, ,I 2 = -0.2V 2 



(e) y s = 0, Vj = -10 I, .'. I, = -0.1V, = O.lVj -0.05V 2 

Vj = 0.25V 2 , .\I 2 =-0.05(0.25V 2 ) +0.2 V 2 =0.075V 2 Z out = V 2 !\ +13.333Q 


(f) G,-„„„ =V,/V, =0.25 


V,rev 1 ' y 2 


(g) With 2 port: 1 = 101, +26.67IJ 

.". 1 = 36.67"(, \ =1/36.67 .. I 2 = ~ 6 ' 667 = -0.15182 .'.P i =-xI^5 = 2.5(0.15182) 2 =0.08264 

36.67 2 

Without 2 port: P 2 = — 


f 1 ^ 

0.08264 



x5 - 0.011111 W .-.G, - 

7.438 

U5j 

" s 0.011111 
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28 . 


(a) 


(b) 


(c) 


L- V - V M.- V - V ' 


R, 


R, 


ii = Vt/R,. i 2 =v 2 /r 3 


T V 1 Vi-V 2 r _ n 

\= — + — - 1 .-. V = 

R, R 2 


1/R 1 +1/R 2 


-1/R, 


-1/R 2 

i/r 3 +i/r 2 


tn = 

"i/r 2 -i/r 2 " 
-i/r 2 i/r 2 

= 

1 / Rj 0 

0 1/R 3 _ 



_ v V -V 

\=^+^r- L ,\y\ a +\y] b = 


R, 


R, 


1/R!+1/R 2 

-1/R, 


/ , -*■ R* —2*. 

(<x) o —VVV— 0 
- + +- 
Vi Vj 


(«■ 






- t —*-*—«■ 


R-2. 


t J 

- *-T 

“Wf 

r/e 3 > 


-i/r 2 

i/r 3 +i/r 2 
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29. 


(a) [V] = [z][l] where [z] 


4.7 2.2 
2.2 3.3 


kQ and [i] 


1.5 

-2.5 


inA 


Thus, Vi = (4.7)(1.5) - (2.2)(2.5) 


1.55 V 


(b) [!] = [;]>] 


where 



15 

6 


k£2 and [V] 



Thus, h = 


-10 

1 


15 

-2 

20-15 

-10 15 

15 6 

-60-225 


-17.54 //A 
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30. 


(a) [V] = [z][l] 


"5 j " 

"2220° " 

J -/2_ 

220° 


Thus, V 2 = j2Z20° - y'2(2Z0) = 


-0.684-y2.121 V 


(b) [l] = [ 2 ] [V] where [z] 


~j 

4 


2 

J 4 


kQ and [V] 


137Z30 0 

105Z45 0 


Thus, Ij 


137230° 2 

105245° j'4 

j4(l37Z30°' 

-210245° 


~j 2 
4 j’4 

4- 

8 


105.6-j81.52 A 
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31. 


V^Ij+O.lV, r. V 2 =10V,-80I, 

1 2 =V 2 /12 +0.05 V, .-.I 2 = ^(lOVj-80lj) + 0.05V! 


f < 


••• \ = 


1 


A 


v 6 + 20y 


20 53 20 

3 60 3 


60 


V, = 


53 


20 - - 

^ + 4 


400 - 60 - - 4000 - 600 - 


y 


53 


I. + 


53 


I 2 V 2 = ■ 


53 


I. + - 


53 


4 - 801 , 


•••v 2 = - 


240 - 600 - 


53 


I. + 


53 


4 


,[z] = 


7.547 1.1321 

-4.528 11.321 


(Q) 
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32. 

(a) 


I, =-0.02 V, + 0.2 V, + 0.5 V, -0.5V 2 


I, =0.7V!-0.52V 2 I 2 =0.IV,+0.125V 2 +0.5V 2 -0.5V, 
.-. I 2 = -0.4V, + 0.625V, 



•••v 2 


I, -0.52 
1, 0.625 

~0J -0.52 

-0.4 0.625 


0.6251,+0.521 2 
0.2295 


0.41, + 0.7 I, 
0.2295 


= 1.74291,+3.0501 2 


= 2.7231, +2.2661,, V 2 = 


0.7 I, 
-0.4 I 2 
0.2295 


[z] = 


2.723 2.266 

1.7429 3.050 


(Q) 


(b) 


I, = I 2 = 1 A 


• i 

" V, 


1.7429 + 3.050 
2.723 + 2.266 


0.9607 
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33. [z] = 


4 1.5 

10 3 


(Q), R 5 = 5Q, R l = 2Q 


(a) Vj = 4Ij +1.51 2 , V 2 = 101, +3^, V 2 = -2I 2 = 101 +3I 2 .-. G, = I 2 /1, =-2 



(e) V, =-5I, = 41, +1.51. l •'V 2 =-^ I,+3^=i I, :.Z m: = 

6 6 6 


1.3333 Q 
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34. [z] = 


1000 100 
-2000 400 


(Q) 


(a) Vj =1000^+1004, V 2 =-2000^+4001 2 , 10 = 2001, + V„ V 2 = -5001, 
.-.-500l 2 =-2000^+400l 2 , I 2 =y .-.10 = 200i;+10001;+^^ \ 

— - 20 - 

.'. I, = 7.031 mA, I 2 =— Ij = 15.625mA P 200 = 7.031 2 x 200 x 10 6 = 


9.888 mW 


(b) P 500 =15.625 2 x500xl0~ 6 = 


122.07 mW 


< c > P s =101, =70.31 mW(gen) .-.= P s -? m -P„ = 70.31-9.89-122.07 .-. 


P,^ =-61.65- mW 
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35. 

co = 10 8 , \ =10- 5 V 1 +75x10^V 1 +j10“ 4 (V 1 -V 2 ) 
.-.^=(io- 5 +y6xio 4 ) ^-yio 4 y 2 
4 = to 4 y 2 +0.01V, + yio 4 (v 2 -v t ) 

:.l 2 = (O.OI-7IO 4 ) Vj + (10 4 + 710~ 4 )V 2 




I, -710 4 
I 2 10 ^+ 710 ^ 
10 5 +7'6 x 10- 4 -7IO 4 

10 2 -yio 4 10 4 +10 4 


(10 4 + 7'10~ 4 )I, + 7IO 4 1 2 z n = 133.15~Z-47.64°Q 
1.0621 x 10 -6 Z92.640 z 12 = 94.15 + Z-2.642°Q 


10- 5 +7'6x10 4 \ 

10 2 -7IO' 4 I 2 

1.0621x10 6 Z92.64° 


:.z 21 =9416Z86.78°Q 
z 22 = 565.0Z-3.60°Q 
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36. 


m= 


20 2 
40 10 


(Q), V 5 = 100Z0 0 V, R s = 5 Q, R L = 25 Q 


100 = 5Ij +Vj, % = 201, + 2I 2 .-.100 = 251,+21, 


V, =401. +101, .'. I = — V, - — L .-.100 = — V,-— L+2L 
2 ' 1 40 2 4 - 40 2 4 - 

.-.100 = - V 2 - — I .-. V 2 =160 + -x— I =160 + 6.81 
8 4" 54- 

.•.V„=160 V, R th = 6.8Q 
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37. 

(a) 


(b) 


[h] = 


9Q -2 
20 0.2 S 




ion -2 

20 0.2 S 


V, = 91, -2V 2 , I 2 =201, +0.2V 2 , V, =1 1, + V, Elimin ate V, 
■■•Vi=v;-X -\=9\-2Y 2 , V,'=10l-2V 2 .-| [h] nm 

V, = 9l| - 2 V 2 , I 2 = 20lj + 0.2 V 2 , V 2 ' = ll 2 + V 2 
Eliminate V 2 .'. V 2 = V 0 - I, 

V, =9\-2Y 2 + 2l 2 , I 2 =20i; + 0.2V 2 '-0.2T 2 1.2l 2 = 20 + 0.2 V 2 ' 

.-. X = 16.6671;+0.16667 V 2 ' V, =9X -2~ V 2 ' +2(16.667X + 0.1667 V 2 ') 


.-.V, =42.38 I, -1.6667V 2 



42.33Q -1.6667 

16.667 0.16667 S 
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38. 


R 5 =100Q, R l =500Q [/?] = 


100Q 

20 


0.01 

lmS 


Z in : Vj = 100Ij +0.01V 2 , I 2 = 201, +0.001V 2 = 20Ij — 0.51 2 1.5I 2 = 201, 

20 


.-. Vj =1001, +0.01(-500)— \ =33.331! 


Z„. =33.33Q 


Z«: V 1 =-100I,=100I I +0.01V ! 


( 0.01 - 3 



v 7 

+ 0.001 i 7 =o .-. 

Z = oo 

^-200 2 J 
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39. 

(a) 


^=V 1 /V 2 | /i=0 Let V 2 = 1 V 
Xo'l' = 0-1 A, ij = 0 .-.T 4n ^=0.2l 2 


.-.0.1 = I 2 -0.2I 2 =0.8I 2 , I 2 =0.125 A 
.'. V, = 0.3 - 4(0.2)(0.125) +1 = 1.2 V .' 


h l2 = 1.2 


(b) 


^ _V, 


From above, z 12 = 


/,=o 


1.2 

0.125 


= 9.6Q 


(c) 


y l2 = I, / V 2 | (r _ o SC input Let V 2 = 1 V 


I 2 = 0.1 + H = 0.425 A, I, = 0.2(0.425) 


.-. I, = -0.24 A .'. y l2 = 0.24 S 


L3 

~ 4 ~ 
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40. [h] = 


1000Q -1 

4 500//S 


(a) 100 = 200 I, + lOOOIj -V 2 =12001, -V 2 

I 2 =4i;+5xl0^ V 2 =-10 3 V 2 .-.4i; =-1.5 x 10 3 V 2 
. - = 4000 - . 100 = 1200 ^ + 4000 _ 25.86 mA 


(b) 

(c) 


.-.P. 


200 


1.5 

25.86 2 x10 6 x200 = 


1.5 


133.77 mW 


1000 


- 4000 in _ 3 „ 68.97- 

V, =-x25.86x10 = 68.97 V . . P lr =- 

- 1.5 1JC 

P 5 =100x25.86x10 3 =2.586 W (gen) 

••.P 2 p on = 2.586-0.1338-4.756- 


4.756 W 


-2.304W 
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41. 

(a) 


(b) 


V, = 1000 (\ +1 0~ 5 V 2 ) = 1000 \ + 0.01V 2 
V 2 = 10 4 T 2 -100V, .-. I 2 = 10^(100V, +V 2 ) 


.-. I 2 = 10 ^(lOOOIj +0.01V 2 ) + 10- 4 V 2 


.-. I 2 =101, +2x10~ 4 V 2 


V, =-2001, =10001,+0.01V 2 
-1 



••• II = 


V 2 .-. I 2 =101,+2x10 4 V 2 = 


-1 


12,000 

••• Z o „,=V 2 /I 2 =10 6 /l 16.67 = 


12,000 


v, + - 


5000 


V 


8.57UQ 


10 March 2006 
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42. .t_V, V 2 

1/R -1/R 

-1/R 1/R 

b =--t- 

R R 

[z] parameters are all co 
Vj = \R + % 

l=~\ 



(a) Vj = I,R +V 2 

\=~l 


XT • • *1 


R R r _ n 
V, . V, W = 


(b) [ v] parameters are oo 

Vj = V 2 V, = Ri; + Rl 2 .". [z] = 

v 2 = r;+r^ 


v,=v 2 


1 z 




- V, 


0 1 


I, =-\+— 

R 

[h\ = 

-1 1/R 
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43. 


VbE h ie l B + Ke^CE 
IC = hfJ-B + Ke ^CE 


(a) K 


— c 


V, 


CE 


V„ = ■ 


l + jcor^C^ 


4=o 


1 


-V, 


CE 


- + - 


I c~ c 


V, 


CE 


1 r 

-+--- 

jcoC u \+j(orX 7i 


ja>C M 1 + j<»r*C K 

- + g,n V .+ — V CE 


Thus, 


h„ e — 


\ + jmr K C n 

) , „ J° Jr n C , 

1 

- + — 
r d 

1 + ja>r, 

,(G + c„) 

l + jar^ 

(G+cJ 

II 

•a. 

v CE =o 


I c=(gm-j®C M )vx and I B= — g m +ja( c „+ c M ) 


Thus, 


U - 

(g m -j®C M ) r „ 


1 + jar,(C,+C l ) 

v 

_ y BE 

6 I 

1 B 

Vce~Q 


h = r 

ie x 

i 

l + ;®r,(C, + C„) 

59 5*3 

ii 

4=o 

r 

71 


v - _ -L _ g 71 _ v 

V BE ^ CE 


1 + jcar„C K j(oC 


Thus 
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44. [y] = 


(a) [y][b] = 


(b) [b][y] = 


(c) [b][c] = 


"1 -2 


"4 6" 


"3 2 4 -f 


, [Z>] = 


, [c] = 


3 4 _ 


-1 5 


-2 3 5 0 


, [d] = 


1 -2 

3 4 

'4 6" 

-1 5 

4 6" 
-1 5 


4 6 

-1 5 

"1 - 2 " 
3 4 _ 

' 3 2 

-2 3 



1 2 -1 
3 0 5 

-2 -3 1 

4-4 2 


(d) [c][d] = 



1 2 -1 



" 3 2 4 -1" 

3 0 5 


'-3 -2 9 ' 


-2 3 5 0 

-2 -3 1 


-3 -19 22 



4-4 2 




(e) [vP][c ][</] = 


6 -4 
8 38 


-3 -2 9 

-3 -19 22 
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45. 

(a) 


(b) 


V| — ^11^2 ^12 b’ II — h\^2 hl\ 

- - - - - V V-15V V-15V-V 

v = 101! + V 2 -1.5V!, I 2 =-^ + -^-+ - - 3Vl Vl 

20 25 10 

.-.I 2 =0.19V 2 -0.31V 1 , V, =— V, - — I 


0.31 


2 0.31 2 


.-. V, =0.6129V 2 -3.226 I 2 

Then, 1 Ol, = V,-(V ? -1.5V,) = 2.5(0.6129V,-3.226X)-V, 


.'. i! =0.05323V 2 -0.8065 I 2 


■[t] = 


0.6129 3.2260 

0.05323S 0.8065- 


Let R 5 = 15 O 

.'. Vj = 0.06129V,-3.226I,, \ = 0.05323V 2 -0.8065l 2 , V, =-151, 


.'. -15 Ij = -15(0.05323V 2 - 
.-. 1.4114V, =15.3241 :.Z 


0.8065-I 2 ) = 0.6129V 2 


0 .=V 2 /I 2 410.8570 


-3.2261, 
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46. 

V 1 =5li-0.3V 1 +V 2 .-.1.3V! = 5lj+V 2 


I, = 0.1V 2 + V 2 / 4 - I 2 .-. I, = 0.35V 2 - I 2 


.•.1.3V! =5(0.35 V 2 
V, =2.115 + V 2 - 


-I 2 ) + V 2 =2.15 Vo -51 2 

"2.115 + 3.846Q 


3.8461, 


[t] = 


0.35 S 


1 
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47. 

(a) 


V, = 21, + V 2 \ = 0.2V 2 - \ 

\ = 0.2V 2 V, = 1,4V 2 - 2% 

V,=3f+V 2 

6 


- 1 - - - 


V, =41, + V 2 I, = ~ V. - L 



I*=yV 2 -I, V,=yV 2 -4I 2 


(b) 




"1.4 2" 

"1.5 

3" 

"11/7 

4 


' 2.433 

6.2]' 

0.2 1 

1/6 

1 

_\n 

1 


0.4667 

L6J 



4.710 

15.933Q] 

UJ = 

0.9619 S 

3.467 
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48. 

(a) 


V, =2I,+V 2 =-2I 2 +V 2 =V 2 -2I 2 

\=~l 


Vh = 


1 2 
0 1 


(b) 


1 

2 

1 

2 


1 

4 


1 

4 

1 

4 


1 8 

0 

1 

0 

i 


0 

1 

0 

1 

0 

1 


0 1 

1 

8] 

r i 

2l 


"l 

tool 

r 

1 

2 

\ 5 







= 




— 




Also, 10 

0 

lj 

L° 

lj 


0 

1 


V 

0 

1 

> 




10 

1 
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49. 

(a) 


V 1= V 2 


■[*]. 


1 0 
1/R 1 


I, =v 2 /r-i 2 


v,=v 2 

\=-l 


RL 




1 R 
0 1 


Vj = V 2 / a 
I, = -a\ 


HI 


Ha 0 
0 a 


(b) 


"1 2" 

" 1 0~ 

"0.25 

O' 

"1 20" 

1 0" 

0 1 

0.1 1 

0 

4 

0 1 

_°- 02 !_ 



1.2 2" 

"0.25 

5" 

1 0" 


' 0.3 

14" 

1 0" 

0.1 1 

0 

4 

°.° 2 1 


0.025 

4.5_ 

°.° 2 1 
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50. 

(a) 


(b) 


I, = 0.1V Y , - 0.1V V + 0.02(V, - V v ) + 0.2(V, - V r - V 2 ) = 0 
I 2 = 0.08V v + 0.2(V 2 - Vj + V v ) 


.-. 0.32V v = 0.22V!-0.2 V 2 


.-. v x = — V,-- v, 
1 16 8 


.'. I = — V, V 2 Also, I 7 = 0.28 
1 160 1 16 


11 - 5 - 


X — V, 

v 16 8 


It =—— V; +— V 2 V, = —■ V 2 - —— I 2 [t] = 

^ 400 40 3 3 


+ 0.2V 2 -0.2 ^ 

3.333 133.33Q' 

0.16667S 9.17 


11 


••• \ = 


160 


10 400 

v 3 3 


V 2 =- V 2 - —1 2 
16 6 6 


[t] = 


3.333 133.33Q 

0.16667S 9.167 


1 

0.05 


0 

1 


■ U l 


"10/3 

400/3" 

1 

0" 


10 

133.33Q" 


1/6 

55/6 _ 

0.05 

1 


0.625 S 

9.167 
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(b) 5, 10, 15, 20, 25 (all rad/s) 


(c) 90, 180, 270, 360, 450 (all rad/s) 


10 March 2006 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers 
and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 











www.eisolucionario.net 


Engineering Circuit Analysis, 7 th Edition 


Chapter Eightenn Solutions 


10 March 2006 


2. 

(a) co 0 = In rad/s, 

/= 1 Hz, therefore T = 1 s. 



(b) a>o = 5.95 rad/s = 2 nf rad/s, 

/= 0.947 Hz, 

therefore T = 1.056 s. 


(c) ) cq 0 = 1 rad/s = 2 jif rad/s, /= 1/2/r Hz, therefore T = 2n%. 
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3. 


v(t) = 3-3 cos(l 00;zt - 40°) + 4 sin(200;zt -10°) + 2.5 cos 300;zT V 


(a) V av =3-0 + 0 + 0 = 


3.000 V 


(b) V efr = J 3 2 +i(3 2 +4 2 +2.5 2 ) = 


4.962 V 


2n 2n 
(c) T = — = - 


co„ IOOtt 


0 . 02 ^ 


(d) v(18 ms) = 3 - 3 cos(-33.52°) + 4sin(2.960°) + 2.5 cos(19.440°) = 


-2.459 V 
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4. (a) 


t 

V 

t 

V 

0 

2 

0.55 

-0.844 

0.05 

2.96 

0.6 

0.094 

0.1 

3.33 

0.65 

0.536 

0.15 

2.89 

0.7 

0.440 

0.2 

1.676 

0.75 

0 

0.25 

0 

0.8 

-0.440 

0.3 

-1.676 

0.85 

-0.536 

0.35 

-2.89 

0.9 

-0.094 

0.4 

-3.33 

0.95 

0.844 

0.45 

-2.96 

1 

2 

0.5 

-2 





(b) v' = -471 sin 2nt + 1.2n cos 4;zt = 0 

.'. 4sin2 nt = 7.2(cos 2 2nt -sin 2 2 nt) 

4 sin 2nt - 7.2(1 -2 sin 2 2nt) x = 


-4±Vl6 + 414.72 


28.8 


= 0.5817, -0.8595 = sin2;zt 


.•.7 = 0.09881,0.83539 /. v =3.330(0.5593 for smaller max) 


(c) 


3.330 
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5. 


(a) a 0 = 0 

(b) a 0 = 0 

(c) a 0 = 5 

(d) a 0 = 5 
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7. 


(a) a 0 = 3, ai = 0, a 2 = 0, bi = 0, b 2 = 0 


(b) a 0 = 3, ai = 3, a 2 = 0, bi = 0, b 2 = 0 


(c) a 0 = 0, ai = 0, a 2 = 0, bi = 3, b 2 = 3 


(d) 3 cos( 37 -10°) = 3 cos 3 1 cos 10° + 3 sin 3 1 sin 10° 

a 0 = 0, ai = 3cosl0° = 2.954, a 2 = 0, bi = 3sinl0° = 0.521, b 2 = 
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8 . 


1 ?T 

a 0 = — f(t)dt = 2.5 . ai = a 2 = 0 


since function has odd symmetry 


2 rT 2 r 2 5 

b, = — f(t) sin coJdt =- 5 sin ntdt =-cos nt 

1 T io 0 2-0 Jl In 


10 

n 


2 r T A r z D 

b, =— fit) sin 2coJdt = - 5 sin 2 ntdt = -cos 2 nt 

2 T Jo J 0 9—0 Ji 


2 r 2 


J Jo 


2-0 


2 n 


10 March 2006 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers 
and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 










www.eisolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Eightenn Solutions 10 March 2006 


9. 


a G 


ai 


a 2 


a3 


T 

2 _ 

T 

2_ 

T 

2 

T 


pT 1 f2 2 

2 

4 

J f(t)dt = -\ 2dt = -t 

= 


Jo 3 Jo 3 

0 

3 


t T 2 r 2 

6 2 n 3 

, 4 

f 3 1 


6 2n \ 

2 


/ (n cos coJdt = — 2 cos 

—t 

dt = — 


sin 

—t 

= 

-0.551 

Jo U 3 Jo 

l 3 J 

3 

J 


l 3 J 

0 



pT 2 [*2 

f(t)co^2coJdt- — \ 2cos 

^ 4;r ^ 4 

' cn 

m | 

^4^-3 

—t 

2 

0.276 

Jo u 3 Jo 

l 3 J 3 


l 3 J 

0 



rT 2 

f2 

f 6n 3 

, 4 

r 3 > 


f 6 ;r 3 

2 

0 

/ (7) cos 3 coJdt = — 

2 cos 

— t 

dt = — 


sin 

-7 

= 

Jo u 3 

0 

l 3 J 

3 



l 3 J 

0 



b, 


-f 

J 1 Jo 


/ ( t ) sin co Q tdt 


f 2 -t • 

( 2n 3 



3 

( 2n \ 

2 


2 sin 

— t 

dt = - 


— cos 

—t 

= 

0.955 

Jo 

l 3 J 


UJ 

In 

V 3 J 

0 



i-r . 2 r 2 

6 4 ;r 3 


6 47 

3 

( 4 n \ 

2 


f(t)sm2coJdt = — 2 sin 

— t 

dt = - 


—cos 

—t 

= 

0.477 

Jo u 3 Jo 

l 3 J 


L 3 J 

4;r 

l 3 J 

0 
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10. h(t ) = -3 + 8 sin M +J[t) 


Use linearity and superposition. T = 2 s. 


-2.5. 


a 2 = 0 


2 T 2 2 2 

bi = 8 + — £ /(7) sin o) Q tdt = 8 + — J o (l)sin ntdt = 8- 


2 • 


7.36 


^ J-! ^ ^ 

b 2 = — £ f(t)sm2co 0 tdt = — £ (l)sin2 xtdt = 


2 Ji 
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11 . 

(a) T = 10 s, F av = a Q = 0.1(2x4+ 2x2) = 


1.200 


(b) F eff=Jy (*-t?dt= 0.2 j (16-8 t + t 2 )dt 


0.2 

167 2 -47 2 

2 1 3 

+ -t 

2~ 

= 0.2 

( 83 

32-16 + - 


1.9322 


lo 

o 3 

0 

V 

l 3; 




(c) 


a , =—x. 

3 10 


r 2 nt r r 

2j (4-7)cos3x-j^-<f7 = 0.4j 4cos0.6;zT t/7-0.4j t cos0.6^7 dt 


= 1.6—-—sin 0.6;zT 
0 . 6 ^- 


f 


-0.4 


1 


0.36^ 2 


-cos 0.6 nt + —-— sin 0.6 nt 


0.6 n 


Jo 


= — sin \2n--^r (cos 1.2;r-l)-—sin 1.2^ = 
3 n 9n 2 3n 


-0.04581 
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12 . 

(a) 

(b) 

(c) 



(d) a B =-(10x1 + 5x1) = 
6 


2.5 


(e) 


*■« 


J lOsin+ J 5 


. 2nt , 
sin- at 


30 2 nt 

-cos- 

2 n 3 


15 2 nt 

-cos- 

2n 3 


1 

15 

f 

7.5 


1 

15 , 7.5 , _ 





cos 2n -cos — 


cos-cos 2 n 


-(1.5)-(-1.5) 


-1.1937 

3 

n 

l 3 J 

n 

l 3 J 

3 

n n 
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13. 


a, = — 


r ,. 6n:t . r _ 6nt , 

i 

10 . 

3 5 . 

4 

lOcos- dt+ \ 5cos- dt 


— sin nt 

- sin nt 


Li 6 i 6 

3 

n 

2 n 

3 


20 

3 n 


1 1 ^ 

sin 3 n - sin 2n + — sin 4n — sin 3 n 
2 2 J 


= 0 


b.=- 


3 4 

r . r _ . 

1 

10 

3 5 

4 

10sin;rfatf + 5 sin ntdt 


-cos nt 

-cos nt 


j j 

2 3 

~~ 3 

TC 

2 ^ 

3 


3 n 


( l l > 

10 , 


cos 3^ - cos In + — cos 4n — cos 2n 

=-(-1) = 

1.0610 

\ 2 2 j 

3n 



\ l a 3 +^ 3 - 


1.0610 
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14. 


2n 


(a) 3.8cos~ 807il = 1.9 + 1.9cosl607il, T =-= 12.5 ms, ave value = 

160ti 


1.9 


(b) 


3.8 cos 3 8O71I = (3.8cos80ti1)(0.5 + 0.5cos I6O71I) 

= 1.9cos807i1 + 0.95cos2407i1 + 0.95cos80ti1 = 2.85 cos 8 O 71 I +0.95 cos 240ti1 
2n 


T = 


80ti 


= 25 ms, ave value =[o] 


2 71 I—I 

(c) 3.8cos707il-3.8sin807il; co 0 l = 71I, co 0 = 71, T = — = 2s; ave value =[0J 

71 
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15. 

T = 

(a) 

b 4 = 


■A 


max 

(b) 

b 4 = 


2} . 4x2nt 1 

— sin- dt = -cos47il 

2 • 2 471 

= —— (l — COS 47l7j ) 

471 


71 

~ 2 ' 


0.1255 


4ti 


h 

0 
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16. 


g(7) = 5 + 8 cos 107 - 5 cos 157 + 3 cos 207 - 8 sin 107 - 4 sin 157 + 2 sin 207 


2n 

5 


h 



(0 G =-5 


(d) G eff = J(-5) 2 +1 (8 2 + 5 2 + 3 2 + 8 2 + 4 2 + 2 2 ) = Vu6 = 


10.770 
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17. 

T = 0.2, f{t) = V m cos 5 t it, -0.1 < t < 0.1 

~ 0.1 0.1 


a = 


0.2 
= 5V, 
= V* 

71 

= v* 

71 

71 

2V. 


J V m COS 5711 COS 10 /77ll<if = 5V m J [cOS(571 + 10 /?7l)l + COS(l 0/771 -57i)l] dt 

1 


0.1 


- 0.1 


10/271 + 5 71 
2 


sin(10/77i + 57i)l + 


1 

10/271-571 


sin(l 0/77i-57i)l 


0.1 


- 0.1 


2/7 + 1 
2 

2/7 + 1 
2 


sin(l 0/771 + 57i)0.1 + 


sin(/77i + 0.57i) + 


2/7-1 


sin(l 0/771 — 5 ti) 0.1 


2/7-1 


sin(/771- 0.571) 


- COS 7771 +- 


2/7 + 1 2/7-1 

2/7 -1 - 2/7 -1 

- COS 7771- 


(— COS /77l) 


2V,„ f 1 

-— COS 7771 


71 


1 


2/7 + 1 2/7 -1 


71 


J 0.1 

° ~ o 2 J 

-o.i 


4/7. -1 


cos5ntdt = 5V,„ 


4V m COS 7771 
71 4/? 2 -1 


571 


. 71 

( 71 ") 

sin-sin 

— 

2 

1 2 JJ 


2V,„ 


71 


2V 4V 4V 4V 

v(l) = — — H - — cos 1 OtiI- — cos 20711 H - — cos 30ti1 

71 371 1571 3571 


4V 

- ^008 40711 + ... 

63ti 
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18. 

(a) 


even, —wave 
2 


(b) b„ = 0 for all n; a even = 0; a 0 = 0 


(c) 


h =bj = 6, = 0, a 2 =0 


= —| 5 

1? J 


nnt , 10 6 . nnt 

cos- at = -sin- 

6 3 nn 6 


20 


nn 


. nn . nn 

sin-sin — 

3 6 


.'. a x = 


20( . n . n 

— sin-sin — 

n v 3 6 j 


2.330. 


a 3 


20 

3n 


n 


sin K-sin — 

2y 


A 

J 

20 

371 


10 March 2006 


- 2.122 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers 
and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 















www.eisolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Eightenn Solutions 


19. 

(a) 


(b) 

(c) 


a = a = 0 

o n 
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20 . 

(a) 


(c) 


- *\ 

Ln. 

(b) 

T= V 

-3 

Ln.^_ 

-3 3 

U 3 U 


T * 

-b 

11 i 

n' 

IV* 

n 


fL. 


*3 

3 

U " L 

i 


(d) 


.1 - - ’ 

T ; J 5 L , 

■’ LT 

3 


4 r 

(e) [ a]b 5 = 0, a 5 = — 8 cos 


2n5t , 32 6 

- dt = — 


sin- 


5nt 


3.2 f . 15ti . IOti 

sin-sin 


0.8821 


. 2n5t , 32 

— dt = — 
6 6 


[b] a 5 = 0, b 5 = — 8 sin 

6 2 

r n 8 r 27i5l 

[c] b 5 =0, a 5 =— J 8 cos 


1071 

3 

2 ^ V 

1 3 J L 


f -6 3 

6 1571 10 71 b 

3.2 



cos- 

-cos- 

=-(-0.5) = 

0.5093 

y 1 OtI J 

V 

3 3 J 

71 



12 


, 64 12 

dt = — 


12 10ti 


f . 1571 . 1071 'i 

sin-sin 

v 6 6 j 


rn „ , 8 r . IOtiI , 64 

[d]a 5 = 0, b 5 = — J 8sin- dt = — 


12 


12 


r 12 Y 

cos 

V 6 


1071 


6 6 

1571 


= 3.801 


— cos - 


1071 


1.0186 
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21 . 

T = 4 ms 


(a) 


, 0.004 


a„ = 


[ 8sin 125717 dt =-cosl257i7 

J -125ti 


0.004 


16 

71 


( 71 ’ 

16 


cos — 1 


= 5.093 

l 2 ; 

71 



(b) 


(c) 

(d) 


0.004 


^=4000 1 sinl257i7cos 


o 

0.004 


2nt 

0.004 


dt 


0.004 


.'.«!= 4000 | sin 125 ti7 cos 500717 dt = 2000 J (sin 625 ti 7-sin 375717) ri?7 


____( cos6257i t cos3757i7 
= 2000 -+ 


62571 


375ti 


J 0 


3 2 5 333 

= — (1 - cos 2.5 ti) - (1 - cos 1.571) = 

71 71 


-0.6791 


0.004 


0.004 


\ =4000 J sin 125711 sin500711 dt = 2000 J (cos375717-cos 625nt) dt 

o o 

r -l l 


= 2000 


—-— (sin 1 .5 ti) --— (sin 2.57i) 

37571 62571 


= 2000 


375ti 625ti 


-2.716 


-4 < t < 0 : 8 sin 125717 


b x = 0, a x = j g s i n j25^ cos250717 dt 


0.004 


0.004 


.‘.a, =2000 J [sin375 ti 7-sin 125717] dt = 2000 


cos375ti7 cos 125717 
- + 


-i 0.004 


375ti 


12571 


Jo 


5.333 / . _ v 16 

-(1-cos1.5ti) + — 

71 71 


f n i 


-3.395 + 

l 2 J 
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1 


odd and --wave .'. a 0 = 0, a n = 0, b even = 0 
T = 1 OmA = 0.01 s 

i _ 8 

b 0 dd ~ 


0.01 


0.001 


r -i 3 

10sin200«7iT dt 

= 8000 

- cos200/m7 

J 

0 


^200/771 ) 


0.001 


40 


40 


b ad d =-(cos0.2wt-l) = —(1-cos0.2htt:) 


nn 


nil 


b x =2.432, b 3 =5.556, b 5 =5.093, b 7 =2.381, b 9 =0.2702 
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23. 


1 8 774 

odd and—wave, T = Sms :.b n =— [ /(l)sin/7co o 
9 X * 


tdt 


2n 

CD =-= 


0.001 


250tt: :.b= 1000 f 10001 sm250nnt dt 

T n J 

A 0 

Now, [ x sin ax dx= -^(sina v -ax cos ax), a = 250/771 

J /7f 


10 6 

250 n 7i 

, 16 ( . /771 . 7771 7771 

.'. b„ = —^—— sin-0-cos-l-O 

4 4 4 


(sin 250/7711 - 250/7711 cos 250/77il) 


0.001 

0 


2 2 

n 7i 


v 


• A 16 
71 


63 = 


16 


9ti 2 


b . 3n 3n 3 tt^ 

sin-cos — 

4 4 4 y 


= 0.4275“; Z/ 5 = 


16 


25ti 2 


71 71 71 

sin-cos — 

4 4 4 



0.2460 

J 



. 571 571 571 

sin-cos — 

4 4 4 j 


0.13421 


b .= 
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24. 

(a) odd, T = 4 


, 

10 . 

l 

/] J vl r- 

-to - 



(b) 


even, T = 4: 



(c) 


(d) 



wave: T = 8 


•4- \j ~yf~ 


even, — 
2 


wave, T = 8 : 
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25. 

(a) 


c 20 ^ 1 . 2nnt 20 . , - 20, _ 

v , = 5 + — 2^ - sin 77^- v ,« = — sin 5nt > = — ( -J !) 

n lodd n 0.471 mi mi 


Z„ = 4 + j5n2 = 4 +jlOn, I /n =^ = j2 ° 


j 5 


Z n nn(A + ylOn) 1 + j2.5n 


. - j5 \-j2.5n 12.5 + y5 

nn 1 + 6.25/? 2 wr(l + 6.25 n 2 ) 
12.5 1 


l fn 


n 1 + 6.25/7 


c 5 1 

cos 5nt + — 


nn 1 + 6.25/7" 


-sin 5/71 


=1.25+y— 

ii 1 + 6.25/7" 


i2.5 c 5 . 

-cos 5nt H-sin 5nt 


n 


nn 


(b) 4 = Ac 2t , i = i f + 4, /'(O) = 


co 1 

0, 4 (0) = 1.25+V -, 

7 h 1 + 6.25/7 2 


12.5 

4 71 J 


i 


(0) = 1.25— £ 


1 


n 1 ,odd n~ +0.16 


= 1.25- 


2 n 


n 4x0.4 


-tanh0.27t = 0.55388 


.'.A = -0.55388. 


/ = -0.55388A 2 * +1 


® l 

.25+y-j 

Udd 1 + 6.25/7 2 


i2.5 _ 5 . 

-cos 5nt -l-sin 5nt 

n nn 
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(a) 

(b) 

(c) 
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27. 

(a) 


(b) 

(c) 


c 20 ■A 1 . 
v s = 5 + — 2V, —sin 5 nt 

n 1 ,odd n 

20 . _ 

V sn =- Sln5 ^ 

nn 

V 

nn 

Z=2 + -^— = 2 + - 1 


j5n2 


./I On 


- -20/7 - jl 20 

V,.„ =- Vx—, v = 


1 + 400/7" nn 


- _ - j20/nn ^ 1 _-j20 / mi ^ 1 - j'20/7 

“ ~ 2 + 1/ yi0/7 X j 10/7 ~ 1 + y'20/? X 1-720/7 
20 1 


nn 1 + 400/7' 


-(-20/7 cos 5nt + sin 5nt) 



v„ = Ae 


-t/4 


rm a ^ 20 ^ -2° 

v c (0) = A + 5 H 2_j 7 

n \,odd 1 ' 


1 


+ 400/7" 


■ = A+5— Z 


1 


s 

l,odd 


1 


/7 2 +(l/20) 2 4(1/20) 20x2 

A = 0-5 + -x 1.23117 = -4.60811 

71 

on 00 1 

v c ( t ) - -4.6081 \e t,A + 5 + — £ - 

11 1 ,odd 1 


7i n 2 +(l/20) 2 
71 

40 


71 -tanh——— = 57itanh—= 1.23117 


+ 400/?" 


( 1 "j 

— sin 5/77 - 20 cos 5nt 

\n ) 
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At the frequency co= 1 On/r 


Z = 


10 

i i 

o 

+ 

•-— 

o 

a 

(5x10 3 

)] 

20 + y'10n;r( 

5xl0~ 3 ) 



8 ( 

nn 


Therefore 



10 + j 0 . 05 n 7 t 
20 + j 0 . 05 n 7 t 


In the time domain, this becomes 


,, ^ f 40 

vi(o= Z — 

n =1 (odd) V / 

—- —-— —ros(l 0ti7r — 90 ° + tan 1 0 005/77T — tan 1 0 00?Sn7t) 

^/l + ( 0 . 0025 n 7 r ^-) 2 v ’ 
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At the frequency co = nn 
10 


I 


Ln 


20 + y«7r(5xl0 ’j 


hn and X Sn=~j 


32 


.3 \ Sn 


(zinj 


■(-i) 


n -1 

~Y 


Thus, in the time domain, we can write 


9.(0= X 

w=l (odd) 


320 

( n^) 2 


(-0 


n —1 
~2~ 


20^1 +(0.00025/7^) 


- cos («;zT - 90° - tan 1 0.00025 t?;t) 
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Hr 

6 

hT 

~6 


0.001 

0.005 

j* 100 e ~J 3x2ntl6xl ° 3 — 

J lOOer 7 ' 100 " 

0 

0.003 


-1 


-j IOOO71/ 


j IOOO 71 


0.001 


+ - 


1 


-7'10007T/ 


ylOOOrc 


0.005 


0.003 


—(e ~ jn +1 + e~ J5n - e - J3K ) = — (1 +1 -1 +1) = 
j6n v ’ j6n 


- 710.610 


c_ 3 = yi 0.610; 

C 3 

= 10.610 

2 xl 0 3 

” 0.001 

J IOOcosIOOtt^ dt 

0 

6 


0.005 


0.003 


-(sin 7 t- 0 -sin 57 t + sin 37 t) =|~o] 


6 1 000tt 


1 


1 


^=~(a 3 -jb 3 ) = -j-b : 


63 = 21.22 

and yj 

^3 + b\ = 

21.22 
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31. 


( a ) T = 5 ms c = 


(b) 


1 


0.005 

“ 0.001 


0.001 

0.002 

J 10 5 te- J400imt dt + 

J 100e~ jmimt dt 

0 

0.001 


:.c. =20,000 


:.c. =20,000 


0.002 


J 10007 e~ J400mt dt+ J e~ imnn, dt 

1 


0 


0.001 


—j400Tint 

—- T-. r- (j400nnt +1)?' 001 +- 1 

160tT 7I 2 -y4007in 


-j400nnt 


0.002 


0.001 


.-.c o =a Q =(50x10 3 +100x10 3 ) 


0.005 


= 0.15x200 = 


30 


c, = 20,000 


-7O.471 


1 60tt 2 


(i+y o.4ti)- 


l 


160tt:“ y'40071 


— ( 


/ 0.8 7t —/0.4 

e -e 


■) 


125 


71 


(1Z-72°)(1.60597Z51.488 0 )-12.66515 + 15.91548Z90°(1Z-144 0 -1Z-72 0 ) 


= 12.665 (1Z-72°) (1 + 71.2566)-12.665 + yl5.915(lZ-144°-lZ-72°) 
= 20.339Z-20.513 0 -12.665+ 18.709Z-108° =[ 


24.93Z-88.61' 


c 2 =3.16625Z-144°(1 + y2.5133)-3.16625+ /7.9575(lZ-288°-lZ-144°) 


= 8.5645 Z - 75.697° -3.16625 +15.1361Z144 0 = 


13.309Z177.43 0 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers 
and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 






















www.elsolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Eightenn Solutions 


10 March 2006 


32. 


Fig. 17-8a: V 0 =8 V, t = 0.2jus,f a =6000 pps 


(a) T = i'7> 6000 ' r = 0 - 2 ^ •'•/ = - = 

6000 r 


5 MHz 


(b) 

(c) 


f 0 = 6000 Hz 


6000 x 3 = 18,000 (closest) 


, , 8x0.2xl0~ 6 

sin(l/2x3x12,000^x0.2x10 6 

r31 1/6000 

0.0036^- 


• • c. 


9.5998 mV 


_ 2xl ° 6 i i 8x0.2x10^ 

( d ) — r^T = 333.3 |c 333 = 


6x10 


1/6000 


sin(l / 2x333xl2,000;r x 0.2 x 10 


1/2x333x12,000^x0.2x10 


-6 


= 7.270 mV 


(e) 

(f) 


J3 = 1/ t = 5 MHz 


2 <co < 2.2 Mrad/s 


2000 2200 . 1C . 

</<-kHz or 318.3 </< 350.1 kHz 


2n 2 n 

f a =6 kHz .'./ = 6x53 = 318; 324,330,336,342,348kHz 


n = 5 


(g) 


, , 8x0.2xl0~ 6 

sin(l/2x227xl2,000/rx0.2xl0 6 


8.470 mV 

™ 1/6000 

(") 





/ = 227x6 = 1362 kHz 
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33. 


T = 5 ms; c a = 1, c, = 0.2 - j 0.2, c 2 = 0.5 + j 0.25, c 3 = - l-y'2, c n =0, \n > 4 


( a ) a „ = “A = 2c » a o= c o= 1. «i - A = °- 4 “ A = °- 4 “ A 4 > «2 - A = 1 + AS, - A = “ 2 

v(0 =[ 


1 + 0.4 cos 400;z7 + cos 800;z7 - 2 cos 1200^1 + 0.4 sin 400;zT - 0.5 sin 800;zT + 4 sin 1200;z7 


(b) v(l ms) = 1 + 0.4 cos 72° + cos 144° -2 cos 216° + 0.4 sin 72° -0.5 sin 144° + 4 sin 216° 
.-. v(lms) = -0.332V 
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34. 

(a) 


| q6 0.6x10 

T = 5 us :.c= —x2 f lcos2^«- 

5 J ^vi 


0.4x10 


5x10 


-6 


dt 


5x10 


-6 


.'. c„ =4x10"-(sin43.2 0 «-sin28.8°/7) 

2nn V ’ 


c n =—(sin43.2°n-sin28.8°77) 


1171 


1 


(b) c 4 =—(sin 172.8°-sin 115.2°) = -0.06203 


4 n 


(c) c 0 =a 0 = 


0.2x10^ + 0.2x10- 
5x10 6 


0.08 


(d) a little testing shows I c a I is max .'. |c max I = 


0.08 


(e) 0.01x0.08 = 0.8x10 3 


— (sin43.2°77-sin28.8°77) 


nn 


<0.8x10 


-3 



125 

nn 

(sin 43.2° 

ok for 

n > 740 


<1 


(0 p = 740. f a = 


740xlO 6 


148 MHz 
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35. 

T = 1/16, <a a =32 tt 

1/96 


(a) 


= 16 J 40c 


^ _ 16 X 40 /v6:: 


{e J * -1 ) = -j^= -74.244 V 


- j96x 
40 


1/96 


3 7V 


In 


(b) 


Near harmonics are 2 \f 0 = 32 Hz, 3 f 0 = 48 Hz 
Only 32 and 48 Hz pass filter a n - jb n = 2 c n 
a 3 - jb 3 = 2c 3 = -y’8.488 .’. a 3 = 0, b 3 = 8.488 V 


I 3 = 


C 2 


8 488 1 

- : -= 1.4536 Z-31.10 0 A; P 3 =-xl.4536 2 x5 = 5.283 W 

5 + y‘0.01x96;r 2 


, 1/96 

—— f 40A 7 ' 6te 

1/16 l 


dt = ■ 


640 

-y64^ 


(e 


—j647r/96 


-1) = 2.7566 -j 4.7746 V 


a 2 -b 2 =2c 2 =5.5132-y9.5492 = 11.026 Z-60 c 


- 11.026Z-60 C 


b = 


5 + y’0.01x64;r 


= 2.046Z - 65.39° A 


1 


.-.P, =-x2.046“x5 = 10.465 W :.? tot = 


15.748 W 
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36. / (t) = 5\u(t + 3) + u(t + 2) - u(t - 2) - u(t - 3)] 

(a) M 


(b) 


-3 


-2 -1 




-2 


-> t 


F(yco) = J 5e j(0t dt+ J lOe J(0t dt + ^ 5e jwt dt 

-3 -2 2 

.-. F(yco) = —(e i2,i, -e ii(0 ) +—(e i2(a ~e /2<0 ) + —(e' 7 ' 3ra 
-yco -yco -/co 

= -^-(-e 7 ' 3<0 +e^ 3co ) + -^-<y 2co - e ^ 2a> ) +J^-(-^' 2co + e -> 2ra ) 

-jco -./« -703 

= —— (-y2) sin 3ro + —(y'2) sin 2co + (-y'2) sin 2to 

-yco - 7 ® -7® 


• 3 10 • 7 10 • - 20 . 10 . . 

F(y co) = — sin 3co-sin 2co + — sin 2co = — (sin 3co + sin 2co) 

co (0 co (0 


10 March 2006 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers 
and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 





















www.eisolucionario.net 


Engineering Circuit Analysis, 7 th Edition 


Chapter Eightenn Solutions 


10 March 2006 


37. 


(a) f{t) = e at u(t), a> 0 .'. F(jco) = J fif)e Jm dt = J e a, e jcot dt 


F ijco) = -- —e 

a + jco 


( a+ jo))t 

00 

1 


0 

a + jco 


0 5 ) fit) = e" b e uf -tf), a > 0 .'. F ijco) = e at ° J e {a+Jol) ' dt 


••F ijco) = e at ° 


-1 


a + jco 


(i a+jco ) t 

00 

- r at o r 



c . \ e 

a + jco L J 

a + jco 


( c ) /(7) = te~ a, uit\ a > 0 .'. Fijco) = j te~ (a+Jto)t dt 

o 

-(a+ja>)t i 

••• F ijco) = -—^[-ia + jco)t -1]” =0 - —^[-1] = 


(a + jco) 


ia + jco) 


1 


ia + jcoY 
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38. 

-4 < t < 0: f(t) = 2.5 (t + 4); 0 < t < 4 : f(t ) = 2.5(4- 1) 

0 4 

.-. F(yco) = J 2.5 (t + 4) e~ j(0t dt + \ 2.5(4 - 5)e~ m dt 

-4 0 

0 

In I st , let t — x Ij = J 2.5(4-x)e 7C0T (-dx) 

4 

4 4 

. .!,=! 2.5(4 -T)e J(0T dT F(yco) = 2.5 J (4 -t)(e j(0t +e~ J(ot )dt 


o 

r lr 

.'. F(yco) = 5 [ (4-7)cos cot dt = 20x —sincor -5[ cos co t dt 

J co J 


0 0 


20 5 

.'. F(yco) = — sin 4co-— (cos co t + co t sin co t) 4 0 


co 


co 


= — sin4co—(cos 4co — 1) —4cosin4co =-^-(l-cos4co) 
co co CO' co' 

or, F(yco) = ^ sin 2 2co =1 10 
co' 
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n 

f{t) = 5 sin t,— n < t < n F(y'co) = J 5 sin t e~ Ja>l dt 

—71 

.'.FO'to ) = f](e“-e-‘')e>"“dt 

J -71 


: — J[^ (1 " ra) -e^ (1+C0) ]t/7 

-7 1 


F(yra) = — 
A 


1 ie jK(l ~ a) - e ^ Ml ~ w) ) - 1 


7(1-co) 


-7'(l + co) 


(e 


-jn(l+e>) _ ^/ ti ( 1 + co ) 


+e J ™)-^^(-e- jmo + e jmo ) 

1 -CO 1 + co 

-2.5 2.5 ( 1 

(y'2sin txco) -(y'2sin too) = y'5sin 7tco 


1 — CO 
= y'5sin 7t:co(—1) 


1 + co 


_l_x 

V 1 — CO 1 + COy 


1 + CO +1 — co^ 

y 10 sin tico 

y'lOsin neo 

v 1-CO 2 , 

1-co 2 

co 2 -1 
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f(t) = 8 cos t \u(t + 0.57 t) - u(t - 0.57i)] 

tc/2 tu/2 

.'. F(yco) = [ 8 cos te' Jm dt = 4 [ ( e ]t + e Jt ) e" J<0 ‘ dt 

-n/2 —tc/2 

= 4 j [e- /Y(1_ ® ) + g-2'ta+m) ] 


n/2 


= 4< 


1 


7(1-®) 


■ . i "' 2 
it , l2 

-S 6 2 


1 


7(1 + ®) 


-e J, e Jm 


n/2 


-n/2 


= 4 


l^r 1 —-(-y)e 2W2 ]-—— 1 —-[- 

17(1 —®) L J J( 1 + ®) L 


-je 


. [ 1 _ 7CC0 1 _ 7CC0 ] „ 7CC0 

= 4 <-x 2 cos — +-x 2 cos — > = 8 cos — 

[ 1 — go 2 1 + co 2 J 2 

n 7UD 2 _cos tod/2 

= 8C0S-cr = 16- 


-jn(o/2 _ • jnat/2 

J^ 

r l O 

-1- 

V 1 — CD 1 + Crij 


2 l-co z 


1-(D Z 


(a) co = 0 F(jO) = 16 


16 cos 72° 

(b) CD = 0.8, Ft/0.8) =- =| 13.734 


0.36 


(c) cd = 3.1, F(j3.1) = 


16cos(3.1x90°) 

1-3.12 


-0.2907 
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41. 

(a) 


(b) 


(c) 


1 00 

= 4 [w (co + 2) - co (co - 2)] .'./(/) = — f e jm F(7co)c/co 

2n 


4 

2 n 


2 1 

^ 1 ,J(Ot 


f e jat c/co =-e 

-2 71 


F(jco) 

F(yco) = 4e _2|m| .'. f(t ) = j e 

27T j 

-00 

r\ 0 r\ CO 

f(t) = — f e {2+jt)B, d(o + - \e 

JT J Jl J 


jnt 


(e j2t -e- j2 ‘) 


—^— y'2sin2/ = — sin2/ .’./(0.8) = —sinl.6"" / = 
27il nt n 


1.5909 


- 2 |co|+ 70 )/ 


d co 


(-2+7'(o)Z 


c/co 


_L_(1_0)+_L_(0-1) 

2 + Jt -2 + jt 


1 1 

- + - 


2 + jt 2 — jt 


2 4 


n 4 + t 




h .-./(0.8) =---= 0.5488 


n(4 + t 2 ) 


nx 4.64 


F(7co) = 4cos7ico [m(co + 0.5)-m(co-0.5)] 


0.5 


rs 0.5 i 

J cos 7ico x e im c/co = — J —( e yroo + e _/ "“ ) e M c/co 


271 

1 

71 

1 

71 

J_ 

71 

j_ 

71 


-0.5 


n - 0 . 5 2 


0.5 


J [ e <^ 


:+y/)(0 _j_ ^(-70.571—7'0.5/)(O 


]c/co 


-0.5 


——( 
7(71 + 0' 


gj0.5n+j0.5t g-j0.5n-j0.5t 


) + ——( 
2 y(-7i + /)' 


g j0.5n+j0.5t gjO.5n-jO.5t' 


- i —(je j0 - 5t +je- j0 - 5l ) + ---(- 

,C-Tt-lAV / 7(_7t + ' 


7(^ + 0 
1 




2 cos 0.5/-- 


71 + / 


= 2 cos 0.5/ 


-71 + / 


-2cos0.5/ 


2 cos 0.5/ 

f 1 

1 3 

71 

v 71 + / 

-71 + /, 


7 


-2 


,2 .rr 2 

v/ -71 9 


_2 ,2 

71 —/ 


cos 0.5/ .'./(0.8) = 


0.3992 
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42. 

(a) 

(b) 

(c) 

(d) 

(e) 


v(0 = 20e U5t u(-t- 2 ) V 


— z. 

F v (jcd) = | 20e l - 5, u(-t-2)e- j(at dt= J 20 e h5t - J(0t dt 


20 


(1.5-yco)/ 


1-5-jco 


20 


-3+y‘2(o . 


1.5-jco 


F '°' 0>= ri e " != 


0.6638 


20 

F„(jo)) = A v (o)) + B v (o)) = —— eV 2 “ 

1-5 - JO) 

20 

F v (j2) =-e 3 e y4 =0.39830 Z282.31 0 = 0.08494-j0.38913 

1.5-j2 
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43. 

I(yro) = 3 cos 

(a) 

X 

ll 

£ 


2n J 

—0 


18 ( 


n J/ 20 V 


2 2 


0.0571 

Z r 2 

— 9cos' lOco dco 

71 ^ 

-0.05 n 

A 9 9 1 

t/co = — x0.1tt: +- sin20co 

j 7i n 20 


ji/20 


= 0.9 J 


-ti/20 


(b) 


9 7 9 

— [ (1 + cos 20co) d(d= 0.45 = — 

n J 7i 

-G) x 

.'. 0.05tt: = 2co x + 0.1sin20co v , 


2m + —x2sin20co r 
* 20 


co, = 0.04159 rad/s 
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44. 

(a) 


(b) 


f(t) = 10 te~ 41 u(t) 


oo co 

W in = | f 2 (7) dt = 1 1007 2 e -8 ' dt = 1 00 x —-(64r +167 + 2) 

(—512) 


100 

512 


x2 = 


0.3906 J 


F(y'to) = <F{10 te^u(t)} = 10f 7 e~ (4+ja>), dt = l ° S \ [-(4 + yco)7-l 

J (A-\- 


-( 4 + j($)t 


(4 + j(o) 


10 


(4 + jco) 


10 

| F (y®)| = — — 

co +16 


(c) \F(jcof = 


100 


(a 2 + 16) 2 


\F(jco)\^_ 0 = 390.6 mJ/Hz, |F(jcy)|“ =4 = 97.66 mJ/Hz 
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45. v(7) = 8e“ 2|,| V 

00 00 

(a) W in = J v 2 (0 dt = 2 x 64 J dt 

—00 0 

00 00 

w F v (./oi) = J e~ j<ot v(t) dt = 8 J e ^ dt 

—00 -00 

0 00 

F v ( /to) = 8 J e (2 ~ im)t dt + 8j e' (2+/ “ ) ' dt 


(c) 


32 J 


8 




2 - y oi 

1 eui 

0.9x32 = — f 

?7T J 


o 

1 

00 

a 

i 

to 

+ 

s; 

8 

1 

OO 

V 

00 

1 

_ Ip r j a \\ 

2+ /co 

—00 J 

0 2-jco 2 + 7(0 

4 +co 2 ' v 7 1 


0)1 32 2 


2^4((° + 4) 


-c/co = 


32 


2tt 


CO 


8(co( +4) 16 


1 co, 

■ + — tan — 


.'. 0.9 = —x2 
n 


co, 


1 COj 

8(cof +4) + l6 T 


2cOj 

co 2 + 4 


, -i ro i 

+ tan — 


.'. 0.4571 = 


2co 


C0j + 4 


, co, 

1 +tan —- : 


C 0 j = 2.7174 rad/s (by SOLVE) 
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46. 

(a) 


(b) 


(c) 


(d) 

(e) 


Prove: (F{/(f-f 0 )} = T{f{t )} = J f(t-t 0 )e~ jat dt Let t-t 0 = x 

-oo 

oo 

:. ( F{f(t-t 0 )}= J f{x)e-^e^dt = e i ^ ( F\f{t)} 

—oo 

00 

Prove: <F{f {t)} = yco T{f {t)} = \e 

-oo 

oo 

dv = df, v = / .•.?{/«)} = /«K*r + j M(t)e- lm dt 

-CO 

We assume /(±oo) = 0 .'. (Fj/(t)} = jco(F{/(*)} 


/0 “ ^ dt Let w = du - -j(oe~ i<at . 


Prove: tF{/(At)} = —r F 
A: 


yco 


v 


J / (A/)e / "" dt Let x = kt, A > 0 


■■■ ( F{f(kt)} = J f(x)e 


1 . 1 


■ Jtn!k - dx = - F 
k k 


' j®' 

v £ y 


If k < 0, limits are interchanged and we get:-F 

k 


1 J 


v / 


Prove: tF{/(-7)} = F(-yoo) Let k = 1 in (c) above 

d_ 
da> 

. dF(yco) 


Prove: = j F(yco) Now, F(jco)= J f{t)e ja>t dt 


d oo 


= J f{t)(-jt)e jat dt = -j )} .-. F{f/(/)} = yco (F/(0} 
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47. 

(a) 

(b) 

(c) 


fit) = 4[sgn(7)5(7-l)] a <F{4[sgn(7)5(7-l)] = <F{4sgn(l) 5(7-1)} = <F{45(7-1)} = 
/(7) = 4[sgn(7-l) 5(7)] ‘F {4sgn(-l)5(7)} = T (-45(7)} = 

f{t) = 4 sin(l 07 - 30°) .'. <F{4 sin(l 07 - 30°) = <F 


4e 


-4 


■17 


e K 10/ 30°) _ e -y(10f-30°) 


]}' 


( F{-j2e~ m °e m + /2c />0 e fl "'j = -j2e~ Jn /6 2tc5(oj -10) + j2e jn,6 2n8ico + 10) 
= -/4ti [<r' W6 5(co -10) - e y,t/6 5(co + 10)] 
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(a) f(t) = A cos(co o 7 + 4>) F(/'co) = <F{A cost)) cos co o 7 - Asin(j)sinco o /} = 


71. 


A cos ()){7r[8(co + co 0 ) + 8(co - co 0 )]} - A sin <j) j—[S(co - co 0 ) - 8(co + co 0 )] j 
nA {cos cj) [8(co + co 0 ) + 8(co - co 0 )] + j sin (J)[S(co—co 0 ) — 8(co + co 0 )]} 


F(yco) = nA [e j * 8(co - co 0 ) + e~ J '" 8(co + co„)] 


ft . 


(b) f(t) = 3 sgn(7- 2) -28(7)- u(t- 1) F(jco) = e i2e> x3x-2-e i0> 

7® 


F(y'co) = -y-e 
co 


-j 2 co 


— 2 — e 


-JB> 


7l8((o) - j — 
CO 


(c) 


/( t ) = sinh kt u(t ) .’. F(yco) = (F \ ^[e kt -e k, ]u(t) 


F(7(D) = i 1 


1 1 k + jco + k-jco -k 


2 -k + j($ 2 & + yco 2(-k~-o~) co 2 +k~ 
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7t8(C0)H- 

/co 
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(a) 


(b) 


(c) 


| co 

F(jco) = 3w(co + 3)-3t/(co-l) :.f(t) = — [ [3z/(co + 3) — 3z/(co — 1)] e 

9 TT J 

(e +jt -e~ j3t ) 


f{t ) = — f e j,ot dt = — —e M 
2n % 2n jt 


2n 
3 


-3 

rad 


j2nt 


/(5) = -j -(1Z5 -1Z -15 )| = 0.10390 Z -106.48° 

1071 


F( 7 co) = 3ii(-3-co) + 3i/(co-l) —> 

F(jco) = 3 - F a (yto) 

/ {t) = 36(7)- —ie j, -e- J3t ) /(5) = 0-0.10390 Z-106.48° 

_ j2nt 


so 


/(5) = 0.1039Z73.52 0 


F(7'co) = 28(co) + 3w(-3-co) + 3m(co-1) Now, ^{28(00)} = — = — 

271 7i: 


■'■/(<)=-+ 

n 


j2nt 


ie jt -e- ]3 ‘) 


/(5) = —-0.10390 Z-106.48° = 

71 


10 March 2006 


t/co 


0.3618 Z15.985 + ° 
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(a) F(jti) = —?— + — + 3 + 38(m-1) 

1 + jco jco 

f ( t ) = 3 e 'u(t) +1.5sgn(7) + 35(7) +— e jt 


_/■ n l r • , 0 sinco 8/2 

(b) F(yco) = — 5sin4co = 8 -x2.5 

co co 8/2 

.'. f(t) = 2.5 \u(t + 4) — u(t — 4)] 


(c) 


F(i'co) = 


6(3 + ./co) 
(3 + 7 ’co ) 2 + 4 


6(3 +./to) 

(3 + yco ) 2 + 2 2 


.-. /(7) = 3 3 ' cos 2 tu(t) 
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T = 4, periodic; find exp'l fonn 


" C " 4 


i i 

- f 10 te 

A J 


—jnnt/2 


dt 


c = 2.5 


.-.c =2.5 


-jnnt/2 


1 


-jnn/2 -n 2 n /4 


-jnn/2 


1 1 
- + - 


A ( 

jnn/2 


-jnv.2 nn 2 / 4 


-e 


1 1 

- + - 


v jnn/2 n 2 n 2 /4j 


jnn/ 2 


= 2.5 

j5 „ 

= — X 2 cos-h 

nn 


1 t/2 ^ jnn/2 _ ^jnn/2^ 


2 2 

n n 


nn 10 r 

- /2sin — 

2 j 


O 2 2 

2 n n 


v 


•••/(<)=£ 


/10 nn . 20 . nn 

-—cos-/ . , sin — 

nn 2 n~n 2 2 


jnnt / 2 


F(» = £ 


/10 «7t . 20 . mi 

-COS-7——rSin 

nn 2 tVn 2 


2nd 


CO — 


nn 


10 March 2006 


PROPRIETARY MATERIAL. © 2007 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers 
and educators for course preparation. If you are a student using this Manual, you are using it without permission. 


www.elsolucionario.net 




































www.elsolucionario.net 


www.elsolucionario.net 


www.eisolucionario.net 


Engineering Circuit Analysis, 7 th Edition Chapter Eightenn Solutions 10 March 2006 


53. 


1 


FC/(o) = 20 X n —5(co-20n) 


= 20 


— 8 (( 0 ) +—5(co + 20) + — 8 ( 01 - 20) + — 8 (co + 40) + - 8 (co - 40) 
1+1 1+1 1+1 2+1 3 


+ ^8(ro + 60) + y8(co-60) + ... 

20 20 

= 1 OS(co) + — [718(00 + 20) + 718(01 -20)] + — [718(01 + 40) + 718(01 - 40)] + 
271 371 

20 20 

— [718(01 + 60) + 718(01 - 60) +-[718(01 + 80) + 718(01 - 80)] +... 

771 25ti 

, 10 20 AA 20 20 ^ A 20 

.'. 6(7) = — h-cos20h-cos407h-cos607h- cos807 + ... 

271 271 371 771 2571 


20 

71 


/(0.05) = 


0.25 + — cos 207 + - cos 407 +—cos 607 + — cos 807 +... 
2 3 7 25 


20 


71 


0.25 +—cos Y ad +—cos 2 +—cos 3 +—cos 4 +... 


1.3858 

_ 2 3 7 25 
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54. Input = x(t ) = 5[u(t) — u{t — 1)] yit) = J x(z) hit - z ) dz 

—co 

(a) h(t) = 2u(t) (b) h(t) = 2u(t-l) (c) h(t) = 2u(t-2) 


x{t - z) x(t - z) 

▲ ▲ 

-5 - 


t- 1 

h(. 

2 

t ' ' t-\ 

•) K- 

L 

2 

- w z 

t 

0 

k 



1 * 

yd) 

i 

10 

k 

At) 

i 

10 

k 

/ ,, 


1 


1 2 


t< 0: 

yit) = 0 

0 < 1 < 1 : 

t 

y(t ) = J 10 dz = 10/ 

o 


t< 1: y(t) = 0 
1 < 7 < 2 : 

t 

y{t ) = JlO dz = 10(7-1) 



X(f- 

i 

-z) 

M 

t 


h(z) 


▲ 

2 


yit) 

i 

k 


10 


X. 


2 3 


t<2: y(t) = 0 
2<t<3: 

t 

yit ) = JlO dz = 10(7-2) 

2 


t> 1: 

t 

yit ) = JlO dz = 10 

7-1 


t> 2: 

t 

yit ) = JlO dz = 10 

7-1 


t> 3: 

7 

j/(7) = JlOdz = 10 

7-1 
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55. x{t) = 5\u(t)-u(t -2)]; h{t) = 2[a(t-2)] 

t 

7(0 = | x(z) h{t-z)dz 

-oo 

t< 1: y(t) = 0 

t -1 

\<t <2: y(t)= J 10t/z = 10(r-l) 

0 

2 < t < 3: y{t) = 10 

2 

3<r<4: y(t)= J \Odz = 10(2-7 + 2) = 10(4-7) 

t-2 

t> 4: y(t) = 0 _ 

v(-0.4) = 0; v(0.4) = 0; v(1.4) = 4 
j(2.4) = 10; 7(3.4) = 6; 7(4.4) = 0 


or.... V (Y) = j x(t-z) h(z) dz 

o 

t< 1: v(7) = 0 

t 

\<t<2\ 7(0 = { 10Jz = 10(?-1) 

1 

2<t<3 : y(t) = 10 

2 

3 < 7 < 4: 7(0= J 10 c/z = 10(2 - 7 + 2) = 10(4 - 0 

t-2 

t> 4: 7(0 = 0 
same answers as above 
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56. 


h(t) = 3[e~‘ -e- 2t ], x(t) = u(t) 

t 

y(t)= J x(z)h(t - z)dz 


J3[ e 


-(t-z) _ g-2 (t-z) 


]dz 


= 3e '[e : \ -3e 21 


1 2 z 

—e 

2 


Jo 


= 3e~‘(e‘ -Y)-l.5e 2t (e 2t -1) 

.'. y(t) = 3(1 -e')-1.5(1- e ~ 2 ') =|l.5-3e“' +1.5e“ 2 ', t > 0 
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57. 

oo 

y{t ) = J x(t- 2 )h(z)dz 

o 

h(t ) = ^ (5 - 7), 2 < t < 5 

(a) X0 = { 10x-(5-z) c/z = 

Note: /z(z) is in window for 4 < t < 6 



(b) 



V 


n 

2y 


(5-z) 2 


5 


2 


10 

3 


30 at t = 5 
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58. 

(a) 

(b) 


(c) 


x(t) = 5e- ( ‘- 2) u(t-2), h(t) = ( 47-16) [u(t-4)-u(t-7)], y(t) = j x( 

0 

t< 6 : y{t) = 0 -'. | j(5) = 0 


7 = 8: j(8) = | 5e -(8-z ~ 2) (4z-16) c/z 

4 

6 6 

.-. j(8) = 20e~ 6 J z c z c/z - 80e 6 J e z c/z 


-16 


= 20c~ 6 — (z-1) 

1 


-80e^(e 6 -c 4 ) 


J4 


= 20c~ 6 (5c 6 - 3e 4 ) - 80 + 80e 2 = 20 + 80e 2 - 60c~ 2 
= 20(l + e 2 ) =|22.71 


7 = 10: v(l 0) = j 5c (10 " z " 2) (4z -16) c/z 

4 

7 

.-. X10) = { 20e V(z-4)c/z 

4 

7 7 

.'. v(10) = 20c -8 J zc z c/z -80c~ 8 J c z c/z = 20c~ 8 [c z (z-1)]^ -80c~ 8 (c 7 

4 4 

= 20c~ 8 (6c 7 -3c 4 )-80(e 1 -e^) = 40c 1 +20c^ = 


15.081 
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59. 

h(t ) = sin 7 , 0 < t < n; 0 elsewhere, Letx(l) = e 'u(t) 

oo 

y{t) = J x(t - z) h(z ) dz 
o 

^ < 0 : y(t) = 0 

t t 

0 < t < n: y(t) = J sin z x e - ' +z dz = e~‘ | e~ sin z dz 


■■■ y(t) = e~' 

1 


^-e z (sinz-cosz) 


= ~ e '[c (sin t -cos 0 + 1] 
1 , . 

= — (sin t- cos t + e ) 

2 


(a) y(\) = 0.3345 

(b) 

(c) 


y( 2.5) H0.7409 

71 

y > n: y(t) = e~' J e 2 sinz dz 


y>n: y(t) = e~ 


1 


e z (sin z - cos z) 


JO 


= -e‘ie n + 1) = 12.070^ 
2 


v(4) = 0.2211 
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60. 


x(t) = 0.8(7 — l)[w(7 — 1) — w(7 — 3)], 
h(t) = 0.2 (t-2)[u(t-2)-u(t-3)] 

oo 

y(t) = | x(t - z ) h(z) dz. 


t< 3: y(t) = 0 


t -1 


(a) 3 < 7 < 4: y(t) = J 0.8(7-z-l)0.2(z-2)c/z 

2 

/-I 

.'. y(t) = 0.161 (tz-lt-z 1 + 2z- z + 2)dz 


(b) 


2 

t -1 


= 0.16 J [-z 2 + (t + \)z + 2 - 2t]dz = 0.16 


-^z 3 + ^(t + l)z 2 + (2-2t)z 


= 0.16 
.-. v(0 = 0.16 
= 0.16 


1 


8 1 


1 


--(t-iy+-+-(t+\)(t-iy--(t+i)4+(2-2t)(t-i-2) 

--7 3 + 7 2 - 7 + - + - + -(7 2 -l)(7-l)-27-2 + 27-6-27 2 + 67 
3 3 3 2 


1 


7 3 +t 2 


(, i 0 


( 1 'l 

„ 1 n" 


( 1 3 3 2 9 9^ 

1-2 

+ t 

-1 — + 6 

+ 3 H-8 

= 0.16 

-7 3 -7 2 +-7 — 

l 2 J 


l 2 J 

2 


+ 2 2 2 


v(3.8) = 13.653x10“ 


4<7<5: y(t) = \ 0.16(7-z-l)(z-2)t/z = 0.16 
.'. v(7) = 0.16 


-■^-z 3 +-^ (7 + l)z 2 + (2-27)z 


-i(27-8) + |(7 + l)5 + (2-27)1 



19 



f in 

= 0.16 

-h 2.5 1 + 2.5 + 2 — 2 1 

= 0.16 



L 3 



l 6 J 

v(4.8) = 90.67 xl0~ 3 
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61 . 

x(t) = 10 e 2t u(i), h{t) = \ 0e 2, u(t) 

oo 

y(t) = | x(t — z ) h(z ) dz 

o 

t 

y(t) = J \0e- 2( ‘- z) \0e- 2z dz 
0 

t 

= lOOe ^ | dz = me- 2 ‘xt 
o 

.' y(t) = mte- 2, u(t) 
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62. 

(a) 


(b) 


h(t) = 5e 41 u(t ) 


W in = 25 J e~ %t dt = — (e 08 - e bA ) = 1.3990 J 


o.i 


:.% = 1.3990/ 


f 25^ 


v 0 y 


x 100 % = 


44.77% 


H(jco) = 


7‘co + 4 


•■w in =- 


i 2 

-1 

TT J 


25 , 25 1 j co 

-ao) =-tan — 


n{ co‘ +16 


n 4 


25 1 0 9224 

.-. W,„ = — tan 1 - = 0.9224 J .'. % = —-xl00% = 


'in 


4tt 


25/8 


29.52% 
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63. 


F(y'o>) = 


(1 + ,/(°)(2 + ./co) 1 + y'co 2 + yco 


f(t) = (2e ' -2e ~')u(t) 


(a) W in = f (4e 2t - 8e- 31 + 4e^‘ ) dt = -- - + - = 
n { 2 3 4 


ij 

3 


(b) f(t) = -2e‘ + 4e 2 ' =0, - 2 + 4e~‘ =0, e' = 2, t = 0.69315 


0.69315 -2x0.69315 


. r o/ -u.oyjio 

/max = 2 ( g 


) = 


0.5 
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64. 

(a) 


F 0'®) = - 


1 


1/6 


1/2 1/3 

- + - 


yoi(2 + /oi)(3 + 701 ) joi 2 + ja 3 + jco 


fit) = ^ sgn (0 - ^ e 2, u(t) + ^ <T 3 , w (0 


(b) F(jco) = — 


1 + 7® 


1/6 1/2 

- + - 


2/3 


yco(2 + 7 m )(3 + 701 ) 7 C 0 2 +jo 3 + j co 


/(0 = ^ sgn (0 + i e _ 2 , u (0 -1 er 3 '«(0 


(c) F(jco) = - 


(l+ j(j)y 


1/6 


1/2 4/3 

- + - 


j(j)(2 + jo))(3 + /co) /co 2 + 7 C 0 3 + 7 C 0 


/(0 = ^ sgn (0 - ^ e"'w (0 + J e~ M u(t) 


(d) F(7®) = 


(I + 70) 3 


7®(2 + 7'®)(3 + 7®) 


, 1/6 1/2 

= 1 +-+ - 


8/3 


700 2 + 700 3 + 700 


1 , . 1 -ot , . 8 _ 3 , 


fit) = 5(0 + — sgn(0 + - e w(0 ~~e u(t) 
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65. 

(a) 

(b) 

(c) 
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66 . 


V 0 0®) = 


1 1 

t7® + — 

2 J co 

, 1 . 1 

1 H— J CO H- 

2 j co 


0®) 2 +2 
0'®)" + 2(yco) + 2 


V o 0©) = 


0®) 2 + 2(y~co) + 2 - 2(yco) 

O’®) 2 + 2(y®) + 2 

2x 


= 1 + 


- 20 ®) 


Letyco = x .’. V c (x) = 1 - 


x + 2x + 2 


O’®) 2 + 20®) + 2 

-2±V4^8 1a _, 

x =---= -i±yi 


■■■V 0 (x) = l + 


A 


- + - 


B 


x +1 + y'l x + l-yl 


=□ Letx = 0 .'. 


A 


- + - 


B 


i + yi i-yi 


= o 


1 AB_. t ,_. t ,_B+/2 B 

Letx = -1 .'.- 1 -= 2 A-B= /2, A = B+ /2 .’.- 1 -= 0 

yi -yi i + yi i-yi 

.'. B - y'B + y 2 + 2 + B + y’B = 0 .\B = -l-yl .\A = -l + yl 
,, , , . -1 + y'l -1-yl w , . 1-y'l 1 + y'l 

x+i+yi x+i-yi 0®)+i+yi 0®)+i-yi 

(0 = 8(0 - (1 - y'l) e (_WI), M(0 - (1 + yiy-^VO 


= 5(0 - V2 e- J * 5 °- Jt -‘u{t) - a/2 e j45 ° +Jt ~‘u(t) 
= 8(Q - 2V2 e~' cos(t + 45°) m(Q 
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67 . 


V c C/(fl) = 10 


V c C/co) = 


5/701 


10/ 701 


5/701+35 + 30(701) 1/701+7 + 6(701) 


10 


10/6 


6(7’®) +7(701) +1 


O'®) 2 + \ ( 7 ®) + \ 
6 6 


7 ® = 


-7 / 6 ±, 


149 _ 24 
36 36 


12 = --, ,.V f (70i) = - 


10/6 


(701 + I/6X701+ 1 ) 701 + I/6 701 + I 


v c (t) = 2(e- ,/6 -e-')u(t) 
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68 . 

(a) 


fit) = 5e 2 'u(t),g(t) = Ae 3, u(t) 

oo 

f*g = J f (t~ z )g( z )dz 

0 

t t 

= J 5e~ 2 ' e 2_ 4e~ 3; dz = 20 e~ 2/ J e z dz 

o o 

= -20e- 2t (e‘-1) V 


f*g = (e~ ' -e ) u(t) 


(b) 


F(» = ^—,G(j(o) = ^— 

70 + 2 7<o + 3 


F(yco)G( 7 (o) = 


20 


(7® + 2)(yco + 3) 


F( 7 Co)G(yco) = 


20 


20 


j co + 2 7 co + 3 


f * g = 20 (e - 2 ) 
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69. 


H (ja>) = 


4 + j2co 


24 

JO) 


from Table 18.2 


Therefore \J jco) = 


j2o) 

( 24 'l 

24 

4 + j2co 


2 + j(o 


In the time domain, then, we find 
v o (t) = 24e~ 2t u(t) V 
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h(t) = 2e ' cos4/ so fromTable 18.2, 

2(1 + jco) 

H (jco) =----—-—. Define output function /!/). 

(\ + jco)+\6 


(a) I {jco) = 4 7:5 {co) 


Therefore F(<y) 


8;r(l + jco) 
(1 + jco) 2 + \6 


8 7t 

S{a>) = — 


The time domain output is then given by /(7) = 


4/17. 


(b) I(jco) = 2e 


JO) 


Therefore F( co) 


4(1 + jco) 

(1 + jco) 2 + 16 


-JO) 


The time domain output is then given by fjt) 


4e 11 cos[4(/-l)]w(/-l) 


(c) We find the response due to a unit step u{t) and treat /(/) as two unit steps, each 
shifted appropriately. 


r/ 2(l + /m) 

(1 + jco) +16 


7tS(C0) 4— 
jco 


11 e'r 

r(t) = — H-sgn(/) - 2 — [ cos 4/ - 4 sin 4/1 u(t) 

17 17 17 L J 


Therefore the system response is 


2 r i_ e 4‘ +0 - 25 ) 

17 L 

2 - 
17 - 


1 _ e -(t + 0.25) | cos + 0 25 ) _ 4sin 4^ + 0 25)} u(t + 0.25) 

1 - ( '-° 25 ) | cos 4 (^ _ 0.25) - 4sin 4(/ - 0.25)}] w(/ - 0.25) 
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